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EIGHTEENTH  ANNUAL  REPORT. 


TO  THE  EIGHT  HONOUBABLE 

LORD  BALFOUR  of   BURLEIGH. 

Uer  Majesty' 8  Secretofry  for  Scotland. 


Officb  of  Thb  Fishery  Board 

FOR  Scotland, 

Edinburgh,  Ist  May  1900. 
My  Lord, 

In  continuation  of  our  Eighteenth  Annual  Seport,  we 
have  the  honour  to  submit — 

PAET  III.— SCIENTIFIC  INVESTIGATIONS. 


GENEEAL  STATEMENT. 

In  this  part  of  the  Eighteenth  Annual  Beport  an  account  is 
given  of  the  results  of  the  principal  scientific  investigations  con- 
ducted by  the  Board  during  the  year  1899  in  connection  with  the 
sea  fisheries.  Besides  the  researches  related  to  the  life-history  and 
habits  of  the  food  fishes  and  on  the  invertebrate  fauna  described  in 
the  following  pages,  a  number  of  other  inquiries  have  been  in  pro- 
gress but  are  not  yet  completed,  among  which  may  be  mentioned 
the  rate  of  growth  and  migration  of  fishes,  the  distribution  of 
spawning  fishes  and  of  immature  fishes,  and  on  the  fauna  of  the 
Moray  Firth.  An  investigation  was  also  made  in  the  spring  on  the 
condition  of  the  clam-bait  bed  in  the  Firth  of  Forth. 

The  scientific  researches  are  being  conducted  at  the  Board's 
Marine  Laboratory  at  the  Bay  of  Nigg,  Aberdeen,  where  it  is  hoped 
the  tanks  and  apparatus  whicli  are  necessary  for  such  investiga- 
tions may  be  provided  in  the  course  of  the  present  year.  A  con- 
siderable part  of  the  work  has  also  been  carried  on  by  the  small 
steamer  the  Garland,  but,  as  has  been  fully  explained  in  preceding 
Reports,  this  vessel  is  not  well  adapted  for  the  purpose,  owing  to 
her  small  size  and  considerable  age.  In  consequence  of  these  dis- 
abilities, the  observations  are  frequently  interrupted  by  stormy 
weather  and  the  necessity  of  repairs,  so  that  they  cannot  be  carried 
out  with  regularity.  This  has  prejudicially  afiected,  and  continues 
to  affect,  the  trawling  experiments,  and  it  has  prevented  any 
syBtematic  investigation  of  the  spawning  grounds  off  the  coast,  as 
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well  as  others  of  importance.  The  meflSciency  of  the  Garland  in 
this  department  may  be  understood  from  the  fact  that  it  is  not 
possible  with  it  to  follow  up  the  life-history  and  movements  of  the 
principal  food  fishes  from  the  inshore  to  the  offshore  waters,  or 
vice  verm,  or  to  make  observations  on  the  great  fishing  grounds 
where  fishermen  mostly  pursue  their  industry,  and  where  the 
greater  part  of  the  fish  supply  is  obtained.  •    . 

The  Influence  of  Trawung. 

The  results  of  the  trawling  operations  carried  on  in  the  course 
of  the  year,  together  with  the  various  Tables  embodying  the 
observations  in  detail,  are  given  in  a  separate  report  (p.  19). 
During  the  year  the  investigations  were  conducted  in  the  Firth  of 
Clyde,  where  the  stations  were  examined  in  January,  May,  June, 
July,  September,  October,  November,  and  December.  The  work  was 
considerably  interrupted  by  stormy  weather  and  the  necessity  of 
taking  the  vessel  into  harbour  for  repairs.  The  number  of  fishes 
captured  with  the  ordinary  trawl  at  the  Clyde  stations  was  close  upon 
20,000,  of  which  the  majority  were  flat-fishes.  A  feature  of  con- 
trast with  the  condition  on  the  East  Coast  is  the  scarcity  of  plaice, 
the  most  abundant  flat-fishes  being  witches  and  long  rough  dabs, 
which  formed  over  80  per  cent,  of  all  the  flat-fishes  caught.  The 
statistics  for  the  various  kinds  of  fish  caught  at  the  twelve  stations 
show  that  the  average  for  the  year  for  all  kinds  together  was  176*9  per 
haul ;  the  average  for  flat-fishes  was  103*7  ;  and  that  for  round- 
fishes  (cod,  haddock,  whiting,  and  gurnard),  34*7.  Among  flat- 
fishes the  average  for  plaice  was  only  1*5 ;  that  for  lemon  soles  was 
7*2;  while  witches  had  the  high  average  of  41*7.  The  dabs  had 
also  high  averages — for  the  common  dab,  14*9,  and  for  the  long 
rough  dab,  36*5.  Other  species  of  flat-fishes  were  taken  in  small 
numbers,  including,  for  all  the  hauls,  a  total  of  60  black  or  common 
soles.  Among  round-fishes,  gurnards  headed  the  list  with  an 
average  of  22*3 ;  the  average  for  cod  was  only  1 ;  for  whitings, 
9*4 ;  and  for  haddocks,  2. 

Comparison  of  the  results  obtained  in  the  years  in  which  the 
investigations  have  been  made  in  the  Clyde  show  that  the  general 
average  has  increased  over  the  period.  In  1888  it  was  109*7  per 
haul;  in  1890,99*5;  in  1895,  113*4;  in  1896,120*7;  in  1897, 
112*5 ;  in  1898,  189*3 ;  and  last  year,  176*9.  The  statistics  for  flat- 
fish<*3  and  round-fishes  indicate  a  fairly  steady  rise  in  the  former 
and  considerable  fluctuation  in  the  latter.  The  figures  are  as 
follows : — 


Fiat-Fishes 
Round-Fishes 


1888. 


44*7 


1890. 


61-2      6M 


35-1 


1 

1895. 

1896. 

1897. 

1898. 

1899. 

64-7 
43-6 

75-6 
361 

84-8 
27*8 

94-7 
49-9 

103-7 
34*7 

o/  the  FisJiery  Board  for  Scotland. 
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When  the  statistics  relating  to  the  various  species  are  con- 
sidered, it  is  found  that  the  increase  among  the  fiat-fishes  has  been 
principally  in  witches  and  long  rough  dabs,  as  shown  by  the  follow- 
ing averages : — 


1888. 

1890. 

1895. 

1896. 

1897. 
2-5 

1898. 

1899. 

Plaice 

5-3 

3-4 

2-3 

21 

30 

1-5 

Lemon  Soles 

7-4 

5-6 

2-8 

7-2 

5-3 

41 

7-2 

Witches 

12-7 

19-7 

25-7 

35-9 

471 

36-5 

41-7 

Common  Dabs     . 

23-8 

13-8 

14-0 

15-7 

12-7 

13-6 

14-9 

Long  Hough  Dabs 

6-3 

17-7 

200 

151 

16-8 

37-3 

36-5 

The  same  general  result  is  shown  when  the  averages  for  the 
comparable  months  are  considered,  with  the  exception  of 
December  1898,  witches  and  long  rough  dabs  exhibiting  a  substantial 
increase,  and  plaice  a  diminution. 

The  trawling  investigations  begun  in  Loch  Fyne  in  1896  show 
that,  within  the  period,  witches  and  long  rough  dabs  have  also  given 
an  increased  average,  while  plaice  do  not  indicate  the  same  diminution 
as  at  the  outer  stations.  Inasmuch  as  the  observations  hitherto 
made  in  the  Clyde  comprise  a  comparatively  small  number  of 
hauls,  especially  in  the  earlier  years,  inferences  as  to  changes  in 
the  abundance  of  the  fishes  in  the  closed  area  must  be  provisional. 

The  special  statistics  which  have  been  collected  for  the  past  six 
years,  showing  the  quantities  of  fish  caught  in  the  closed  waters  of 
the  Moray  Firth  by  line-fishermen,  are  appended  to  the  Eeport. 
The  following  figures  indicate  the  quantities  landed  in  each  district 
in  each  of  the  years,  as  well  as  the  average  weight  taken  per  "shot" 
of  the  line: — 


18M. 

1895. 

1896. 

1897. 

1896. 

1899. 

Diatrict. 

Cwts. 

Aver- 
age. 

Owts. 

Aver- 
age. 

Owtg. 

Aver- 
age. 

Cwta. 

Aver- 
age. 

Cwts. 

Aver- 
age. 

Owts. 

Aver- 
age. 

Wick    .        . 

10,008 

2-47 

23,000 

4-03 

31,556 

5-40 

44,258 

6-16 

31,383 

6-49 

26,116 

5  106 

LyUter 

4,406 

4-91 

3,977 

3*77 

4,241 

2-87 

7,118 

4-22 

4,438 

3-26 

4,309 

1-398 

Helnud^e  . 

15,8-26 

3-62 

16,669 

415 

18,360 

471 

17,148 

4-93 

13,143 

3-84 

12,752 

3-86 

Cromarty    . 

21.346 

3-07 

19,193 

2-93 

15,317 

2-51 

14,736 

2-48 

12,428 

2065 

11,183 

1*816 

Findhom 

60,074 

4-04 

68,761 

4-86 

63,521 

4-46 

46,604 

2-66 

30,770 

2-088 

31,826 

1*957 

Backie 

48,540 

4-21 

50,489 

4-66 

57,450 

5-05 

50,067 

4-77 

41,102 

4-24 

84,915 

8*867 

Buiff   . 

49,292 

2-94 

76,491 

4-77 

66,471 

3-82 

61,329 

8-70 

86,067 

2-18 

26,675 

2-406 

218,494 

8-06 

258,589 

4-43 

256,916 

4-26 

241,350 

3-83 

169,821 

3*244 

147.776 

2,606 
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When  these  quantities  are  compared  with  those  given  in  the 
Tables  in  Part  I.  of  the  Board's  Eeport,  showing  the  gross  quanti- 
ties landed,  irrespective  of  the  place  of  captnre,  it  will  be  found 
that  by  far  the  greater  i)art  of  the  line-caught  fish  in  each  district 
is  taken  from  the  Moray  Firth.  I^st  year  147,775  cwts.  out  of  a 
gross  quantity  of  180,649  cwts.  were  so  derived.  In  all  the  districts, 
indeed,  except  Wick,  all  the  fish  caught  by  line  are  returned  as 
derived  from  the  closed  waters.  In  previous  ycare  this  was  the 
case  with  only  a  few  of  the  districts,  and  the  circumstance  seems 
to  point  to  a  greater  restriction  of  line  fishing  in  this  area. 

The  gross  quantity  taken  from  the  Moray  Firth  by  line-fisher- 
men in  1899  was  less  tlian  in  any  precedmg  year.  As  compared 
with  the  previous  year,  the  decrease  amoimted  to  21,546  cwts.;  as 
compared  with  1895  the  decrease  was  110,814  cwts.,  and  each  year 
since  that  named  has  exhibited  a  progressive  decline.  The  average 
catch  per  "  shot  "  of  the  line  has  also  decreased  during  the  same 
period.  In  1895  it  was  4*43  cwts.;  in  1898,  324  cwts.;  and  last 
year  only  3*66  cwts.  The  diminution  was  not,  however,  confined 
to  the  Moray  Firth.  The  general  statistics  for  the  rest  of  the 
East  Coast  and  for  the  whole  of  the  coasts  of  Scotland  show  a 
corresponding  change,  and  in  the  same  kinds  of  fishes. 

With  respect  to  the  various  kinds  of  fishes  caught  by  line  in  the 
closed  waters,  the  following  Table  shows  the  quantities  and  the 
average  weight  per  "  shot  "  for  each  of  the  six  years : — 


1S94. 

1895. 

1896. 

1897. 

1898. 

1899. 

FISH. 

CwtH. 

Aver- 
age. 

Cwtu. 

Aver- 
age. 

Cwta. 

Aver- 
age. 

Cwts. 

Aver- 
age. 

Cwts. 

Aver- 
age. 

Cwts. 

Aver- 
age. 

Cod 

W,671 

0-52 

47,646 

0-81 

64,663 

1-07 

79,731     1-26 

56,208 

1-07 

52,753 

0-95 

Ling      . 

2,1G9 

003o 

2,937 

0*005 

8,868 

0-062 

3,544    0056 

2,567 

0-040 

2,883 

0-052 

Torsk    - 

25 

0-002 

24 

— 

94 

— 

25 

— 

43 

— 

82 

Saithe   - 

6,120 

009 

5,083 

0-087 

10,636 

0-17 

11,761 

018 

14,881 

0-28 

9,375 

0169 

Haddock 

153.539 

2-47 

178,370 

3056 

156,703 

2-6 

126,031     2-004 

81,098 

1-554 

68,075 

1-229 

Whiting 

5,845 

0-094 

5,114 

0-087 

4,836 

0-08 

8,319  '  0-062 

1,535 

0-0-29 

1,323 

0023 

Tiirbot  - 

5 

— 

— 

— 

15 

— 

10'    — 

13 

— 

00 

— 

HaUbat 

254 

0-004 

403 

0007 

691 

0-011 

707 

0-011 

730 

0-013 

702 

0013 

T^inonSole  - 

— 

— 

— 

— 

19 

— 

14 

— 

1 

— 

6 

— 

"  Flounder, 
Plaice,  and 
HriU"- 

5,477 

0-088 

5,765 

O-Ot) 

3,402 

oor.e 

3,978 

0  063 

3,4-25 

0-065 

5,005 

0-00 

Conger  - 

1,244 

002 

777 

0-013 

823 

0-013 

1,533 

0  0>4 

826 

0-016 

741 

0  013 

Skate     • 

3,281 

0-053 

3,014 

O-Ool 

3,683 

0-061 

3,999  '  0  068 

3,278  !  0-062 

3,584 

0-064 

Other  kinds  or 
White  Fiuh- 

7,976 

0  128 

9,456 

0*16 

7,483 

0-12 

6,663 

0  105 

4,574 

1 
0087 

3,116 

0  056 

The  most  important  of  the  fishes  are  cod  and  haddocks,  and  both 
show  a  decrease  from  the  previous  year.  That  in  cod  was  com- 
paratively slight,  amounting  for  the  year  to  3405  cwts.,  the  average 
per  *•  shot "  also  falling  from  1.07  to  0*95  cwts.  The  total  and  the 
average  were,  however,  both  lower  in  the  yeara  1894  and  1895  ; 
since  1897  the  gross  quantity  and  the  average  have  diminished. 
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The  decrease  in  the  quantity  of  haddocks  caught  by  line  in  the 
Moray  Firth  is  more  noteworthy.  In  1898  the  amount  landed  was 
81,098  cwts.,  while  last  year  it  was  68,075  cwts.,  or  nearly  14,000 
cwts.  less.  The  average  catch  per  "  shot "  also  declined  from  1*554 
to  1*229  cwts.,  the  lowest  since  the  statistics  began  to  be  collected. 
Since  1895  both  the  gross  quantity  landed  and  the  average  weight 
taken  per  "  shot "  of  the  line  have  fallen  in  each  successive  year. 
In  1895  the  total  was  178,370  cwts.,  and  the  average  per  "  shot " 
306  cwts. 

There  was  also  a  decrease  last  year  in  the  quantity  and  average 
catch  of  saithe  or  coal-fish  landed.  Unlike  the  cod  or  haddock,  the 
saithe  had  been  gradually  increasing  from  1895.  Throughout  the 
whole  period  of  six  years  whitings  have  shown  a  gradual  and 
continuous  decline.  In  1894  the  quantity  amounted  to  5,845  cwts., 
and  the  average  i)er  **  shot "  was  0  09 ;  last  year  the  quantity  wjis 
1323  cwts.,  and  the  average  0*02.  Conger  also  slightly  diminished, 
while  skate  slightly  increased,  the  average  per  "  shot "  remaining 
the  same. 

Among  flat-fishes,  on  the  other  hand,  an  increase  occurred  as 
compared  with  the  previous  year ;  but  the  quantity  caught  by  lines 
in  the  Moray  Firth  is  not  very  large.  The  total  weight  landed  in 
1898  was  4169  cwts.,  while  5833  cwts.  were  landed  in  1899.  The 
quantities  landed  in  each  of  the  years,  and  the  percentage  of  the 
total  catch  are  as  follows : — 


Cwts.    .        .        . 

Percentage  of  Total 
Catch   . 


1894 

1895 

1896 

1897 

1898 

1899 

5,736 

6,170 

4,127 

4,715 

4,169 

6,833 

2-6 

2-3 

1-6 

1-9 

2-5 

3-9 

Very  few  lemon  soles  were  taken  by  hues,  only  six  cwts.  during 
the  year ;  turbot  increased  from  13  cwts.  in  1898  to  60  cwts.  last 
year,  and  halibut  from  730  to  762  cwts.  The  increase  in  the  group 
comprised  imder  the  heading  "  flounder,  plaice,  and  brill "  was  more 
considerable,  namely,  from  3425  cwts.  in  1898  to  5005  cwts.  in 
1899,  the  respective  averages  being  006  and  0*09,  and  the  increase 
took  place  almost  entirely  in  the  three  districts  of  Helmsdale, 
Cromarty,  and  Findhorn. 

The  statistics  dealing  with  the  number  of  "  shots  "  of  the  line- 
fishing  boats,  or  the  number  of  visits  made  to  the  fisliing  grounds, 
show  that  an  increase  occurred  last  year  as  compared  with  1898. 
The  figures  for  the  whole  of  the  Moray  Firth  in  each  of  the  years 
are  as  follows '. — 
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1894    !    1895 

1896 

1897 

1898 

1899 

Large  Boats 
Small  Boats 

7,082 
54,866 

7,710 
50,643 

11,915 
48,3  6 

14,039 
48,836 

10,330 
41,853 

12,665 
42,808 

61,948 

58,353 

60,261 

62,875 

52,183 

55,473 

It  will  be  observed  that  while  the  number  of  "  shots  "  of  the 
small-line  boats  has  declined  over  the  period,  the  number  of"  shots" 
of  the  great-line  boats  has  increased.  On  the  whole,  however, 
line-fishing  in  the  Moray  Firth  has  declined  during  the  last  two 
years. 

As  has  been  said,  the  fluctuations  in  the  abundance  of  the  fish 
caught  by  line  in  the  closed  waters  in  the  various  years,  have  been 
part  of  a  general  change  along  the  coast,  and  cannot  therefore  be 
ascribed  to  a  special  cause.  At  the  same  time  it  is  evident  that  the 
operations  of  the  foreign  trawlers,  which  have  frequented  the  Firth 
in  considerable  numbers  during  the  past  few  years  cannot  be 
without  influence ;  and  their  presence  must  materially  interfere 
with  the  results  of  the  trawling  investigations  which  were  initiated 
after  the  Firth  was  closed. 

The  Hatching  and  Rearing  of  Food  Fishes. 


As  explained  in  last  year's  Eeport,  it  was  found  necessary  to 
continue  the  hatching  operations  at  Dunbar  during  the  season  of 
last  year,  since  the  construction  of  the  large  tank  at  the  new  site  at 
the  Bay  of  Nigg  had  been  suspended  in  the  preceding  September. 
The  work  consisted,  as  in  preceding  years,  in  the  hatching  of  the 
eggs  of  the  plaice,  and  the  same  methods  were  adopted.  Adult 
plaice  to  serve  as  spawners  for  the  supply  of  fertilised  eggs  were 
procured  from  trawlers  in  February  and  March,  a  little  over  400 
males  and  females  being  thus  obtained.  As  in  preceding  years  a 
considerable  number  of  the  fishes  subsequently  died  owing  to 
injuries  received  while  being  captured,  and  others  remained  in  an 
egg-bound  condition. 

The  collection  of  the  fertilised  eggs  from  the  spawning-pond 
commenced  early  in  March,  and  continued  until  the  end  of  April, 
the  total  number  procured  being  18,700,000,  from  which  16,470,000 
fry  were  obtained.  These  were  transferred  in  batches  to  the  upper 
waters  of  Loch  Fyne  ,off  In veraray,at  various  dates  in  April  and  May, 
and  there  liberated. 

The  numbers  of  fry  of  the  various  species  of  marine  food  fishes, 
whose  eggs  have  been  hatched  at  Dunbar  siace  the  work  was 
commenced,  are  as  follows: — 


of  the  Fiehenj  Board  for  Scotland. 


13 


Plaice. 

Cod. 

Lemon  Soles. 

Turbot. 

Others. 

Total. 

1894 

28,060,000 

500,000 

•  •  • 

«  •  • 

•  •  * 

26,560,000 

1895 

38,615,000 

2,760,000 

4,145,000 

3,800,000 

1,050,000 

50,870,000 

1896 

11,350,000 

750,000 

1,580,000 

1,360,000 

950,000 

15,990,000 

1897 

24,370,000 

... 

... 

•   .  a 

... 

24,370,000 

1898 

19,200,000 

... 

... 

... 

19,200,000 

1899 

16,470,000 

•  • 

•  ■  • 

... 

•  •  • 

16.470,000 

136,065,000 

4,010,000 

5,725,000 

6,160,000 

2,000,000 

152,960,000 

At  the  close  of  the  season's  work  the  hatchery  was  dismantled 
and  transferred,  with  the  apparatus,  pumps,  and  plant,  to  the  new 
site  at  the  Bay  of  Nigg,  Aberdeen,  and  re-erected  there.  The  large 
concrete  tank,  referred  to  in  the  preceding  Eeport,  was  completed 
towards  the  close  of  the  year.  It  was  found  to  work  satisfactorily, 
and  as  it  has  a  capacity  of  about  160,000  ^llons,  and  is  so  sunk  in 
the  ground  as  to  admit  the  sea,  through  a  twelve-inch  pipe,  at  half- 
tide,  it  ought  to  be  able  to  contain  a  large  number  of  spawners,  and 
will  form  a  valuable  adjunct  to  the  establishment  The  collection 
of  adult  plaice  for  the  ensuing  hatching  season  was  begun  in 
December.  An  additional  concrete  tank  to  contain  about  60,000 
gallons  of  water  was  built  on  an  elevated  part  of  the  site,  to  act  as 
a  reservoir  to  supply  the  hatching  apparatus  in  the  night 
during  the  hatching  season,  and  the  tanks  in  connection  with  the 
laboratory  at  other  times  of  the  year. 

The  Life  History  of  the  Edible  Crab. 

In  the  present  Eeport  will  be  found  a  paper  by  Mr.  H.  C. 
WiUiamson,  describing  the  results  of  an  investigation  into  the  life- 
history  of  the  edible  crab,  which  he  has  conducted  during  the  past 
two  years.  The  edible  crab  is  one  of  the  shell-fish  which  have 
formed  the  subject  of  legislation,  the  Fisheries  (Oyster,  Crab,  and 
Lobster)  Act  of  1877  having  prohibited  the  sale  or  possession  of  any 
crab  of  less  than  4}  inches  across  the  back,  of  any  soft  crab, 
or  of  any  crab  with  the  spawn  attached;  and  since  then  the  District 
Fisheries  Committees  in  England  have  made  many  bye-laws  still 
further  regulating  the  fishery  in  that  country.  At  the  same  time 
it  has  been  felt  that  much  f idler  information  than  existed  concern- 
ing the  life-history  and  habits  of  the  crab  is  required  in  order  to 
foUow  the  operations  of  these  regulations ;  and  it  was  principally 
with  this  object  in  view  that  the  research  was  begun. 

The  result  of  this  research  is  to  throw  a  considerable  amount  of 
light  upon  such  important  problems  as  the  size  at  maturity,  the 
seasonal  migrations,  distribution,  and  the  season  of  casting.  It 
was  found  that  a  female  crab  may  be  potentially  mature  when  it 
measures  about  4|  inches  across  the  broadest  part  of  the  back ; 
many  between  this  size  and  5|  inches,  probably  about  a  half,  are 
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functionally  immature ;  all  those  above  5|  inches  were  found  to  be 
mature  and  fertilised.  The  male  crab  becomes  ripe  at  a  smaller 
size,  and  all  those  above  4^  inches  are  probably  mature.  The  males 
and  females  are  in  almost  equal  abundance,  the  examination  of 
several  thousands  of  specimens  showing  that  98  males  exist  to 
every  100  females. 

The  crab  spawns  its  eggs,  which  may  number  several  millions, 
from  November  to  January,  in  deep  water,  and  they  are  hatched 
inshore  in  July  and  August,  the  period  of  incubation  being  seven  or 
eight  months,  batches  of  eggs,  as  a  rule,  being  carried  in  two 
successive  years,  at  least,  before  the  crab  casts  its  shell.  With 
regard  to  casting — an  important  subject  from  the  point  of  view  of 
close- times  which  have  been  proposed — it  was  found  that  while  it 
may  occur  during  a  large  part  of  the  year — namely,  from  May  to 
November  inclusive — it  takes  place  principally  in  July,  August,  and 
September.  The  largest  numbers  of  soft  crabs  are  obtained  from 
August  to  November  inclusive,  and  principally  in  September. 
Experiments  showed  that  the  time  taken  for  a  soft  crab  to  harden, 
and  therefore  to  become  legally  marketable,  varied  considerably. 
The  great  majority  take  from  three  and  a  half  to  four  months, 
and  large  numbers  remain  "soft"  in  the  legal  sense  from  90 
to  100  days  after  casting.  When  the  crab  is  approaching  the 
mature  size  casting  probably  occurs  once  a  year,  but  mature 
crabs  above  4^  inches  do  not  cast  every  year,  and  the  female 
not  oftener  than  once  in  two  years.  With  regard  to  dis- 
tribution, it  appears  that  the  post-larval  and  earliest  young 
stages,  up  to  1^  of  an  inch  in  breadth,  are  probably  restricted  to  the 
shallow  shore  waters  ;  those  from  this  size  up  to  2|  inches  are  to  be 
foimd  between  tide-marks  ;  a  little  larger  (up  to  4  inches)  they  are 
littoral,  outside  low-water  mark  ;  and  those  of  4  inches  and  up- 
wards, or  the  mature  group,  are  found  in  winter  offshore,  beyond  the 
twenty -fathom  hue  at  Dunbar,  and  in  the  spring  and  summer  in  the 
inshore  waters. 

Numerous  experiments  were  made,  with  interesting  results, 
regarding  the  seasonal  migrations,  and  the  movement  of  those  which 
were  marked  and  recovered  are  indicated  on  a  chart  accompanying 
the  paper.  The  migration  seawards  appears  to  occur  during  August 
and  September,  and  the  inshore  migration  begins  usually  in 
February.  The  statistics  of  the  crab  fishery  and  its  regulation  are 
also  considered.  In  connection  with  this  investigation  it  was  dis- 
covered that  the  Board  had  not  the  power,  which  is  possessed  by 
the  District  Fishery  Committees  in  England,  to  permit  the 
possession  of  berried  crabs  for  scientific  research,  or  for  any  purpose 
except  for  use  as  bait,  in  terms  of  the  Act  of  1877.  A  number  of 
berried  crabs  had  been  obtained  in  ignorance  of  this  difficulty,  but 
the  provision  referred  to  greatly  restricted  the  investigation,  and  it 
would  be  advantageous  if  the  Board  obtained  the  same  powers  as 
the  English  Committees  have  to  allow  the  use  of  such  crabs  for 
scientific  investigations. 

The  Parasites  of  Fishes. 
In  a  paper  by  Mr.  Thomas  Scott  the  results^  of  his  investigation 
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on  the  crustacean  parasites  of  fishes  are  described.  Scarcely  anj 
part  of  a  fish  is  free  from  such  parasites ;  they  are  found  running 
over  the  skin,  they  adheie  to  the  fins,  the  gills,  and  gill-covers, 
they  are  found  on  the  lips,  the  tongue,  and  the  roof  and  sides  of  the 
throat,  in  the  nasal  fossa?,  and  even  attached  to  the  eye.  For  this 
research  a  very  large  number  of  fishes  were  examined,  belonging  to 
forty-seven  species,  and  obtained  for  the  most  part  by  the  Garland 
at  various  parts  of  the  coast  or  at  the  Fish  Market,  Aberdeen.  Tlie 
majority  yielded  one  or  two  kinds  of  parasites  only,  while  on  a  few 
as  many  as  four  or  five  different  species  were  obtained.  The  grey 
skate  furnished  the  largest  number,  six  different  kinds  having  been 
found  on  specimens  of  this  species.  The  saithe  and  torsk  came 
next  with  five  species  each  ;  the  hake  and  toper  yielded  four,  while 
three  each  were  obtained  on  the  common  gurnard,  the  halibut,  the 
turbot,  the  plaice,  the  conger,  and  the  sun- fish.  Eleven  fishes 
yielded  two,  and  twenty-six  only  one  species  of  parasite  each. 

The  number  of  species  of  parasites  which  are  described  in  the 
paper  is  66,  of  which  59  belong  to  the  C.'opepoda,  5  to  the  Lsopoda, 
and  2  to  the  Amphipoda.  Of  the  Copepod  species,  a  group  in  which 
Mr.  Scott  is  one  of  the  leading  authorities,  six  of  the  species 
described  are  new  to  science.  Some  of  these  parasitic  crustaceans 
are  so  strangely  abnormal  and  grotesque  in  form  that  the  most 
experienced  naturalists  have  failed  to  recognise  tlieir  relationship 
to  the  Crustacea  until  the  study  of  their  development  and  life- 
history  revealed  their  true  aftinity.  The  paper  is  illustrated  by 
numerous  figures. 

Seine-Net  Fishino  for  Herrings. 

The  alleged  injurious  action  of  the  seine-net  in  the  herring 
fishery  has  been  for  some  time  under  investigation  witli  the  view 
of  ascertaining  whether  the  two  principal  objections  which  have 
been  ui-ged  against  this  mode  of  fishing — namely,  the  wasteful 
destruction  of  the  herring-spawn  deposited  on  the  bottom,  and  of 
immature  herrings — are  well  founded.  For  several  years,  as  stated 
in  previous  Reports,  arrangements  were  made  to  conduct  investiga- 
tions at  the  well-known  spawning  ground,  Ballantrae  Bank,  off  the 
Ayr.shire  coast,  but  owing  to  the  failure  of  the  fishing  in  successive 
seasons  seine-net  boats  scarcely  took  part  in  it,  and  the  observations 
could  not  be  made.  Last  year,  however,  and  still  more  markedly 
in  the  present  season,  the  herrings  reappeared  on  the  bank  in  con- 
siderable numbers,  and  an  investigation  was  made  by  the  assistance 
of  the  Garland.  The  results  of  this  enquiry  and  of  the  corres- 
ponding enquiry  made  in  Loch  Fyne  are  given  in  a  paper  in  the 
present  Report  by  Dr.  T.  Wemyss  Fulton,  the  Scientific  Superin- 
tendent. 

It  was  found  that  while  the  seine-neb  may  capture  considerable 
quantities  of  small  herrings  which  would  escape  capture  by  the 
drift-net  or  the  trammel-net,  and  may  be  the  means  of  occasionally 
destroying  quite  immature  herrings,  the  evidence  shows  that  the 
action  of  the  seine-net  in  Loch  Fyne  has  not  been  unnecessarily 
wasteful,  or  injurious  to  the  permanence  of  the  supply  of  herrings 
fiom  the  loch.     Statistics  prove  that  while  the  number  of  seine-net 


16  Panrt  m. — Eighteenth  Annual  Report 

boats  in  relation  to  the  number  of  drift-net  boats  has  increased,  the 
quantity  of  herrings  captured  has  not  only  not  diminished,  but  has 
been  steadily  augmented  over  a  period.  During  the  five  years  1889 
to  1893  the  gross  quantity  of  herrings  taken  from  Loch  Fyne  was 
213,068  cwta,  or  an  annual  average  of  42,613  cwts.,  while  during 
the  five  years  1894  to  1898  the  gross  quantity  was  573,415  cwts., 
and  the  annual  average  114,683  cwta 

At  Ballantrae  Bank  the  investigation  showed  that  the  seine- 
net,  which  drags  upon  the  bottom  in  the  comparatively  shallow 
water  there,  occasionally  brings  up  deposited  herring  -  spawn 
attached  to  the  fronds  of  seaweeds,  or  coating  the  stones  and 
gravel.  Of  79  nets  examined  immediately  after  they  were 
hauled,  63  showed  no  trace  of  deposited  spawn,  while  in  16  cases 
spawn  was  found.  The  quantity,  however,  was  small,  and  the 
amoimt  of  injury  caused  in  this  way  by  the  seine-net  is  probably 
inconsiderable.  At  the  same  time,  the  conditions  of  the  fishery  at 
Ballantrae  Bank  are  very  different  from  what  they  are  in  Loch 
Fyne,  where  the  water  is  very  deep,  and  fishing  operations  are 
confined  to  the  surface  stratum.  At  the  former  place  the  water  is 
only  from  seven  to  twelve  fathoms  in  depth,  and  the  seine-net 
extends  quite  from  the  surface  to  the  bottom,  taking  everything 
within  its  reach.  The  herrings  caught  are  spawning  fish  from 
which  the  eggs  are  running,  the  area  of  the  bank  is  limited,  and  it 
is  admitted  that  by  an  excessive  use  of  the  seine-net  the  herrings 
could  be  practically  cleared  from  it  in  a  short  time.  The  statistics 
show  a  great  decline  in  the  fishery  following  the  years  of  abund- 
ance, when  hundreds  of  seine-boats  frequented  the  ground ;  and 
while  this  may  be  due  merely  to  natural  fluctuation,  the  view  that 
it  may  have  been  caused  by  excessive  use  of  the  seine  is  not 
inconsistent  with  the  evidence.  It  is  considered  desirable,  how- 
ever, to  continue  the  investigations  for  another  year  or  two. 

In  the  Clyde  generally  seine-net  fishing  is  now  the  means  of 
supplying  the  greater  part  of  the  herrings  for  the  consumer.  Last 
year  the  328  seine-boats,  manned  by  1382  men,  landed  54,059 
crans  of  herrings  of  the  value  of  £70,325;  while  the  404 
drift-boats,  with  1262  men,  landed  only  15,965  crans,  valued  at 
£18,009. 

The  Mackerel  of  teie  East  and  West  Coasts  of  Scotland. 

Some  years  ago  experiments  were  made  at  Barra  with  the  view 
of  ascertaining  whether  or  not  there  was  a  likelihood  of  establish- 
ing a  mackerel  fishery  in  the  adjoining  seas,  the  results  of  which 
were  described  in  a  previous  Report.  In  the  present  Eeport  an 
account  is  given  of  an  investigation  by  Mr.  H.  C.  Williamson,  made 
with  the  object  of  discovering  whether  the  mackerel  of  the  East 
and  West  Coasts  were  of  the  same  or  of  different  races.  The 
mackerel  examined  were  obtained  from  Barra,  Stornoway,  Lower 
Loch  Fyne,  Kilbrennan  Soimd,  and  off  the  coast  of  Aberdeen.  A 
large  number  of  measurements  and  observations  were  made  on  each 
of  the  fishes,  and  the  means  and  their  deviation  calculated,  and  the 
results  are  set  forth  in  a  series  of  Tables  appended  to  the  paper. 
The  general  conclusion  is  that  the  differences  in  the  length  of  the 
head,  skull,  and  pectoral  fin  in  the  mackerel  from  the  two  coasts 
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may  with  some  probability  be  granted  racial  distinction ;  while  the 
remaimng  characters  do  not  prove  such  differentiation. 

The  Fishes  of  the  Firth  of  Clyde. 

Mr.  T.  Scott  furnishes  in  the  present  Report  a  list  of  the  fishes 
which  have  been  found  within  the  limits  of  the  Firth  of  Clyde, 
the  information  being  derived  from  the  investigations  of  the 
Garland  and  from  several  other  sources.  The  number  of  species 
comprised  in  the  hst  is  113,  but  the  recorded  occurrence  of  one 
or  two  of  those  appears  to  the  author  to  be  somewhat  doubtful,  and 
in  the  case  of  one  or  two  other  species,  though  their  presence  in 
the  Clyde  seems  to  be  fairly  well  attested,  further  information  is 
desirable.  By  the  use  of  fine-meshed  nets  on  the  Garland,  it  has 
been  shown  that  some  forms,  such  as  the  Argentine  and  Lumpenus, 
which  were  previonsly  considered  to  be  rare,  are  not  uncommon  in 
certain  localities. 

The  Surface-Currents  of  the  North  Sea. 

In  the  Fifteenth  Annual  Report  a  description  was  given  of  the 
experiments  made  for  the  purpose  of  determining  the  direction  and 
rate  of  the  currents  in  the  North  Sea,  with  reference  specially  to 
the  transport  of  the  pelagic  eggs  and  larvae  of  fishes.  Similar 
experiments  have  since  been  undertaken  in  the  English  Channel 
and  neighbourhood  by  the  Marine  Biological  Association,  and 
also  by  the  Belgian  authorities.  In  the  present  Report  a 
further  statement  is  given  by  Dr.  Wemyss  Fulton  of  the  results 
derived  from  a  study  of  the  additional  drift  floats,  amounting  to 
132,  which  have  been  recovered  at  later  dates  since  the  time 
mentioned.  They  were  found  on  the  coasts  of  Schleswig,  Den- 
mark, Sweden,  and  Norway,  to  as  far  north  as  the  North  Cape,  the 
extreme  point  of  Norway,  and  extending  over  17  degrees  of 
latitude. 

The  results  confirm  the  conclusion  previously  reached  that  the 
current  passes  southwards  along  the  east  coasts  of  Scotland  and 
England  as  far  as  the  Wash,  and  then  passes  over  to  the  Schleswig 
and  Danish  coasts  and  northwards  to  the  Skagerack  and  the 
western  coast  of  Norway. 

The  Natural  History  of  the  Plaice. 

In  this  Report  will  be  found  a  paper  by  Mr.  H.  M.  Kyle  dealing 
with  certain  problems  connected  with  the  natural  history  of  'the 
plaice.  The  research  has  been  conducted  by  means  of  ai  large 
number  of  specimens  from  various  parts  of  the  North  Sea,  and  it 
was  specially  directed  to  discover  the  variations  and  variability  of 
the  species.  With  respect  to  the  average  size  of  the  plaice  when 
first  mature,  it  appears  that  in  the  southern  part  of  the  North  Sea 
the  female  plaice  first  reaches  maturity  at  a  size  between  thirteen 
and  fourteen  inches,  while  the  males  reach  maturity  when  between 
ten  and  eleven  inches  in  length.    In  the  northern  part  of  the  North 
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Sea  the  female  does  not  reach  maturity,  on  an  average,  until 
attaining  a  length  of  about  15^  inches,  and  the  male  on  the  average 
at  a  length  of  twelve  to  thirteen  inches.  The  variability  of  the 
sexes,  and  variations  due  to  growth  are  considered  in  detail ;  and 
with  regard  to  the  question  of  race-variability,  it  is  shown  that  the 
North  Sea  plaice  are  divided  into  at  least  two  groups  by  de6nite 
and  distinct  differences  in  structure.  Tlie  plaice  of  the  southerly 
North  Sea  are  relatively  more  elongated  and  narrower,  while  those 
of  the  northern  parts  of  the  North  Sea  are  relatively  broader  and 
shorter.  The  causes  of  their  diflference  and  variability  are  discussed, 
and  the  paper  is  illustrated  by  a  numl>er  of  tables  and  diagrams. 

The  Classification  of  Flat-Fishes. 

A  paper  on  this  subject  is  also  furnished  by  Mr.  Kyle,  in  which 
the  affinities  and  classification  of  the  various  species  and  genera  of 
flat-fishes  are  considered  in  great  detail.  The  species  examined 
included  the  majority  of  the  European  forms,  representatives  of  the 
chief  genera  of  the  American  flat-fishes,  and  of  the  Indian,  China, 
and  Australasian  seas.  Their  structure  and  distribution  are 
described,  and  their  natural  affinities,  as  far  as  possible,  deter- 
mined. The  paper,  which  is  illustrated  by  two  plates,  embodies 
the  results  of  a  large  amount  of  work,  and  forms  a  valuable  addition 
to  our  knowledge  of  the  subject  with  which  it  deals. 

The  Invertebrate  Fauna. 

Another  paper  is  furnished  by  Mr.  Thomas  Scott,  in  which  he 
gives  additional  obseivations  on  the  crustacean  fauna,  and  describes 
a  number  of  species  belonging  to  the  various  groups,  which  were 
for  the  most  part  obtained  by  the  Garland  in  the  seaward  part  of 
the  Firth  of  Clyde  and  in  Loch  Fyne.  Some  of  the  Copepoda  are 
new  to  science,  and  with  regard  to  those  previously  recorded, 
further  information  has  been  obtained  regarding  their  structure  and 
distribution.    The  paper  is  illustrated  by  two  plates. 
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SCIENTIFIC    REPORTS. 


I.  REPORT  ON  THE  TRAWLING  EXPERIMENTS  OF  THE 
"GARLAND,"  AND  ON  THE  FISHERY  STATISTICS 
RELATING  THERETO. 


INTRODUCTORY. 


During  last  year  the  trawling  investigations  of  the  "  Garland  "  were 
conducted  in  the  Firth  of  Clyde  and  Loch  Fyne,  where  the 
stations  were  examined  in  each  month,  except  in  February,  March, 
April,  and  August.  The  work  at  each  station  consists  in — (I)  trawling 
along  a  selected  line  for  a  specified  distance,  determined  usually  by 
cross-bearings,  all  the  fish  caught  being  enumerated,  measured,  and 
recorded;  (2)  observations  on  the  temperature,  density,  and  trans- 
parency of  the  water,  on  the  condition  of  the  weather,  <fec. :  (3)  col- 
lections of  the  pelagic  organisms  floating  in  the  water.  The  Tables 
relating  to  the  chief  of  these  investigations  will  be  found  appended  to 
this  Report.  In  addition,  special  observations  were  made  on  the  occur- 
rence and  distribution  of  peb^c  fish  eggs  and  larvae,  on  the  distribution 
of  immature  and  spawning  fishes,  on  the  migrations  of  fishes,  and  on 
various  other  questions. 

The  "Garland"  was  also  employed  in  February,  March,  and  a  portion 
of  April  in  procuring  live  plaice  for  the  sea-fish  hatchery  at  Dunbar, 
and  in  conducting  an  investigation  into  the  condition  of  the  clam  bait 
beds  in  the  Firth  of  Forth. 

The  fishery  statistics  which  have  been  collected  in  the  districts  of  the 
Moray  Firth  in  connection  with  the  trawling  expeiiments  there,  and 
which  show  the  quantities  of  the  various  kinds  of  fish  caught  by  line 
fishermen  within  the  closed  waters  in  each  month  of  the  year,  and  for 
the  whole  year,  with  the  respective  averages  per  "shot"  of  the  lines, 
are  appended  to  this  Report,  and  are  discussed  below.  These  statistics 
were  collected  by  the  Fishery  Officers  of  the  various  districts,  or  by 
their  correspondents.  The  trawling  records  were  made  by  Mr.  F.  G. 
Pearoey,  the  naturalist  on  board  the  "  G^arland." 
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The  Fibth  of  Clyde. 

The  trawling  stations  in  the  Firth  of  Clyde  were  examined  lasl  year 
in  January,  May,  June,  July,  September,  October,  November,  and 
December,  117  hauls  being  made  with  the  ordinary  trawl-net.  In 
addition  to  these,  sevei*al  hauls  were  made  at  night,  and  117  with  a 
fine-meshed  shrimp  trawl,  partly  at  the  ordinary  stations  and  partly  in 
other  localities,  for  the  purpose  mainly  of  determining  the  distribution 
of  immature  fish.  The  Clyde  stations  are  seventeen  in  number,  and  are 
situated  as  follows : — 

Station  I.  lies  ofi*  the  east  coast  of  Cantyre,  in  from  about  twelve  to 
twenty  fathoms  of  water,  and  extends  from  Davaar  Island  to  near  Ru 
Staffnage. 

Station  II.  is  placed  further  north  in  the  Sound  of  Kilbrennan,  in 
from  nine  to  over  twenty  fathoms,  between  Pluck  Point  and  Carradale 
Point. 

Station  III.  is  situated  opposite  to  Station  II.,  in  Machry  Bay, 
Arran,  where  the  water  ranges  from  about  ten  to  over  twenty  fathoms 
in  depth. 

Station  IV.  lies  off  Pirn  Mill,  Arran,  to  the  north  of  Station  III.,  in 
from  twenty -seven  to  thirty  fathoms. 

Station  Y.  is  placed  in  Whiting  Bay,  on  the  other  side  of  Arran,  in 
water  from  ten  to  twenty  fathoms. 

Station  YI.  lies  to  the  south  of  Station  I.,  beginning  off  Rhuad 
Point,  Cantyre,  and  has  a  depth  of  from  twenty  to  thirty  fathoms. 

Station  YII.  is  placed  off  the  Ayrshire  Coast,  opposite  the  village  of 
Ballantrae,  in  water  of  from  sixteen  to  twenty-four  fathoms  deep. 

Station  YIII.  is  situated  to  the  south-west  of  Ailsa  Craig,  about 
midway  between  Sanda  Island,  Cantyre,  and  Bennan  Head,  and  the 
depth  of  water  is  from  about  twenty-seven  to  thirty-three  fathoms. 

Station  IX.  lies  to  the  north  of  the  last  station  and  to  the  west  of 
Ailsa  Craig,  in  from  twenty-five  to  twenty-eight  fathoms. 

Station  X.  lies  between  Station  IX.  and  the  coast  of  Cantyre,  in 
water  about  twenty-six  fathoms  deep. 

Station  XI.  passes  round  Ayr  Bay,  and  has  a  depth  of  about  twenty 
fathoms. 

Station  XII.  lies  midway  between  Arran  and  the  coast  of  Ayr,  in 
water  from  about  thirty -three  to  forty- four  fathoms  deep. 

Stations  XIII.-XYII.  are  situated  in  Upper  Loch  Fyne.  XIII. 
extends  from  near  Otter  Spit  to  Grortans,  and  has  a  depth  of  from 
twenty-five  to  thirty  fathoms;  XIY.  extends  from  near  Gortans  to 
Minard  Castle,  the  depth  being  about  the  same  as  the  last ;  XY.  extends 
from  Inverawe  to  Furnace,  with  a  depth  of  thirty-three  to  forty  fathoms; 
XYI.  passes  from  near  Strachur  to  Inverai-ay,  the  depth  varying  from 
about  sixty  to  seventy  fathoms;  and  Station  XYI  I.  lies  at  the  head  of 
the  loch  from  Dunderawe  to  above  Cairndow,  in  from  ten  to  thirty- 
five  fathoms. 

The  number  of  fishes  captured  in  the  regular  hauls  of  the  ordinary 
trawl  at  these  stations  last  year  numbered  close  upon  20,000,  of  which  over 
12,000  were  flat-fishes.  A  feature  of  contrast  with  the  condition  in  the 
East  Coast  areas  is  the  comparative  scarcity  of  plaice,  and  the  great 
abundance  of  witches,  which  are  most  numerous  at  Stations  XY.,  XII., 
and  YIII.  They  comprised  very  nearly  half  of  all  the  flat-fishes  caught. 
Long  rough  dabs  were  also  abundant ;  so  that  these  two  species  com- 
bined formed  about  81  per  cent,  of  the  total  flat- fishes.  The  statistics 
of  the  various  kinds  of  fish  caught  at  the  twelve  stations  in  the  Firth 
of  Clyde  during  the  year  show  that  the  average  number  of  flat-fishes 
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per  haul  of  the  net  was  103*7,  the  average  number  of  round-fishes  (cod, 
haddock,  whiting,  and  gurnard)  34*7,  and  the  average  of  fishes  of  all 
kinds  176*9.  Among  flat-fishes  the  average  for  plaice  was  1*5,  for 
lemon  soles  7*2,  for  witch  soles  41*7.  Common  dabs  gave  an  average  of 
14*9,  and  long  rough  dabs  an  average  of  36*5.  Other  species  of  flat- 
fishes were  taken  in  small  numbers,  including,  for  all  the  hauls,  a  total 
of  60  black  soles.  Among  round-fishes  gurnards  were  most  numerous, 
giving  an  average  of  22*3  per  haul.  The  average  for  cod  was  only  1, 
and  for  haddocks  2 ;  whiting  were  somewhat  more  abundant,  the 
average  being  9*4.  The  average  for  skates  of  the  various  species  was  6. 
Comparison  of  the  results  obtained  in  the  various  years  in  which 
trawling  investigations  have  been  conducted  in  the  Clyde  shows  that, 
taking  all  the  stations  together  and  all  the  kinds  of  fish,  the  average 
number  per  haul  of  the  net  has  generally  increased  over  the  peiiod 
comprised.  In  1888  the  general  average  was  109*7  per  haul;  in  1890  it 
was  99*5  per  haul;  in  1895  it  was  113*4;  in  1896  it  was  120*7;  in  1897, 
112*5;  in  1898,  189*3  ;  and  in  1899,  176*9.  The  averages  for  the  two 
groups  of  flat-fishes  and  round-fishes  show  that  there  has  been  a  fairly 
steady  rise  in  the  former  and  considerable  fluctuation  in  the  latter. 
The  figures  are  as  follows : — 


1888. 


Flat-Fishes,   - 
Bound-Fishes, 


61*2 


44*7 


1890.    189  5.,  1896. 


61*1      64*7  '   75*5 


35*1       43*6      351 


1897. 

1898 

1 
1899. 

84*8 
27*8 

94*7 
49-9 

103*7 
34*7 

The  increase  in  the  average  number  of  flat-fishes  appears  whether  the 
figures  for  the  whole  year  are  taken  or  the  comparison  is  restricted  to 
the  same  months,  with  one  exception,  namely,  December,  when  more 
fishes  of  all  kinds,  except  common  dabs,  were  taken  in  1898  than  in 
1899. 

Comparison  of  the  statistics  relating  to  the  various  species  of  flat- 
fishes shows  that  the  increase  over  the  period  has  been  principally  in 
witches  and  long  rough  dabs.     The  averages  are  as  follows: — 


1 

1888. 

1890. 

1895. 

1896. 

1897. 

1898. 

1899. 

1 

!  Plaice,    - 

5*3 

3*4 

2*3 

21 

2*5 

3*0 

1-5 

Lemon  Soles,  - 

7*4 

56 

2*8 

7*2 

5*3 

4*1 

7*2 

Witches,- 

12*7 

19*7 

25*7 

35*9 

471 

36*5 

41*7 

Common  Dabs, 

23-8 

13*8 

14*0 

15*7 

12-7 

13*6 

14*9 

Long  Rough  Dabs 

1 

5*3 

17*7 

20*0 

15*1 

16*8 

37*3 

36*5 

The  same  result  is  shown  when  the  averages  of  the  comparable  months 
are  considered,  with  the  exception  of  December  1898,  witches  and  long 
rough  dabs  indicating  a  substantial  increase  and  plaice  a  diminution. 
Common  dabs  appear  also  to  have  diminished  in  abundance. 

The  trawling  investigations  in  Upper  Loch  Fyne  were  not  commenced 
until  1896,  and  there  is  not,  therefore,  the  fame  material  for  comparison 
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as  with  the  Firth  of  Cljde.  Among  flat-fishes  the  predominant  ifieoies 
are,  as  at  the  outer  stations,  witches  and  long  rough  dabs.  Plaice, 
although  not  abundant,  are  found  in  greater  numbers  than  in  the  Firth 
of  Clyde ;  cod  are  also  more  numerous  in  the  loch,  while  whitings  and 
gurnards  are  less  numerous.  The  general  averages  for  flat-fishes,  round- 
^hes,  and  the  total  of  all  kinds  in  the  various  years  are  as  follows  : — 


1896. 

1897. 

1898. 

1899. 

Flat-Fifihes, 
Round-Fishes,  - 

70-5 
8-2 

831 

9-8 

81-4 
12-7 

129-9 
14-1 

Totals, 

8M 

100-8 

101-9 

145-3 

As  in  the  Firth  of  Clyde,  witches  and  long  rough  dabs  give  an 
increased  average  per  haul  of  the  net,  and  plaice  do  not  show  the  same 
diminution  as  at  the  outer  stations.  Inasmuch  as  the  observations 
hitherto  made  in  the  Clyde  comprise  a  comparatively  small  number  of 
hauls,  inferences  as  to  changes  in  the  relative  abundance  of  the  fishes 
in  the  closed  area  must  be  provisional. 

The  special  statistics  of  the  fish  caught  by  line  in  the  closed  waters  of 
the  Moray  Firth  and  landed  on  the  adjoining  coast  have  been  collected 
for  the  past  six  years.  The  total  quantities  and  the  average  weight  per 
"  shot "  of  the  lines  for  each  year  in  the  various  districts  around  the 
Moray  Firth  are  as  follows : — 


Diftrict. 

18d4. 

1805. 

1896. 

189 

1898. 

1800. 

Owts. 

Aver- 

Owts. 

Aver- 

Cwts 

Aver- 

Cwts. 

Aver- 

Cwts. 

Aver- 

Owti. 

Ave; 

age. 

age. 

age. 

age. 

age. 

Mgt 

Wick, 

19,008 

2-47 

23,009 

4-03 

31,566 

5-40 

44.258 

6-16 

31.383 

6-49 

28,116 

6-101 

Lybster,  - 
Helmsdale, 

4,406 

4-91 

3,977 

877 

4,241 

2-87 

7,118 

4*22 

4,438 

3-26 

4,800 

1-901 

15,826 

3*52 

16,660 

415 

18,360 

4-71 

17,148 

4-93 

13,143 

8-84 

12,762 

3-85 

Oromarty, 

21,846 

807 

19,193 

2-93 

15,317 

2-51 

14,736 

2-48 

12,428 

2  065 

11,183 

l-Sli 

Findhorn, 

60,074 

4-04 

68,761 

4-86 

08,521 

4-46 

46,684 

2-66 

30,770 

2088 

31,826 

1-96' 

Buckie,     •       f 

48,540 

4-21 

50,489 

4-06 

57,450 

6-05 

50.067 

4-77 

41,102 

4-24 

34,915 

8*35' 

Banff, 
Totol, 

49,202 

2-94 

76  491 

4-77 

66,471 

3-82 

61,329 

3-70 

36,057 

213 
8*244 

26,675 

2*401 

218,494 

8-05 

258.589 

4-43 

256,916 

4-20 

^41,360 

3-83 

169,321 

147,776 

2^ 

These  figures  refer  only  to  the  fish  caught  by  line  within  the  closed 
area  and  landed  in  the  districts.  The  total  quantities  of  line-caught 
fish,  taken  from  without  as  well  as  from  within  the  closed  waters,  and 
landed  in  each  district  in  1899  are  as  follows — the  gross  amount  being 
180,649  cwts.,  or  26,000  cwts  less  than  in  the  previous  year: — 


Wick. 

;     Lybster. 

Helmsdale. 

Oromarty. 

1 
Findhorn. 

Buckie. 

Banff. 

68,990 

1 

4,809 

12,752 

11,183 

31,825 

34,915 

26,675 

Comparison  of  these  totals  with  those  given  in  the  above  Table  shows 
that  a  very  large  proportion  of  the  line-caught  fish  landed  in  these 
districts  comes  from  the  closed  waters  of  the  Moray  Firth — namely, 
147,776  owts.  out  of  the  total  of  180,649  cwts.     In  all  the  diE^bnots, 
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except  Wick,  the  line- caught  fish  landed  are  returned  as  having  been 
taken  from  tJiese  waters.  In  previous  years  this  was  the  case  with  a 
few  of  the  districts  only,  and  this  circumstance  seems  to  show  that  the 
line-fishing  is  becoming  more  restricted  in  this  area.  In  1898  a  small 
proportion  of  the  line -caught  fish  landed  in  the  districts  of  Banff, 
Buckie,  and  Find  horn  were  procured  outside  the  closed  area. 

With  regard  to  the  fluctuations  in  the  quantities  captured  by  line 
in  the  Moray  Eirth  in  the  various  years,  it  will  be  observed  that 
the  gross  quantity  landed  in  1899  is  less  than  in  any  of  the  previous 
years,  and  that  the  average  per  "shot"  of  the  line  is  also  the 
lowest.  The  decrease  in  the  quantity  last  year,  as  compared  with  1898, 
amounted  to  21,546  cwts. ;  as  compared  with  1895  the  decrease  is 
110,814  cwts.;  and  each  year  since  1895  has  shown  a  progressive 
falling -ofi  in  the  quantity  of  line-caught  fish  landed.  The  average  catch 
per  "  shot "  of  the  line  has  also  fallen  in  the  same  period.  In  1895  it 
waa  4*43  cwts.;  in  1896  very  nearly  the  same,  4*26  cwts.;  in  1897,  3*83 
cwts. ;  in  1898,  3*24  cwts. ;  and  last  year  only  2*66  cwts.  It  does  not 
appear  that  this  diminution  in  the  quantity  of  line- caught  fish  landed 
from  the  Moray  Firth  has  been  owing  to  special  causes,  since  there 
occurred  a  similar  decline  on  the  southern  part  of  the  east  coast  as 
well  as  on  the  west  coast  of  Scotland.  Thus,  while  in  1898  the 
quantity  of  line-caught  fish  landed  on  the  East  Coa^^t,  other  than  the 
Moray  Firth,  amounted  to  479,377  cwts.,  last  year  the  quantity  was 
413,173  cwts.,  showing  a  decrease  of  66,204  cwts.  The  figures  for  the 
whole  East  Coast  are— for  1898,  686,695  cwts.,  and  for  1899,  593,822 
cwts. — a  decrease  of  92,873  cwts.  In  1897  the  quantity  was  959,566 
cwts.,  or  365,745  cwts.  more  than  it  was  last  year.  Along  the  whole 
coast  of  Scotland  the  quantity  of  line-caught  fish  landed  last  year  was 
939,362  cwts.,  as  compared  with  1,058,994  cwts.  in  1898  and  1,416,237 
cwts.  in  1897.  It  is  evident,  therefore,  that  the  diminution  in  the 
Moray  Firth  represents  a  general  change,  and  is  in  proportion  to  the 
diminution  elsewhere.  The  decrease  in  the  Moray  Firth  was  common 
to  all  the  districts,  except  Findhom,  which  shows  a  slight  improvement 
on  the  previous  year.  It  was  most  marked  in  the  districts  of  Banff, 
Buckie,  and  Wick.  In  Banff  the  total  quantity  was  26,675  cwts.,  as 
against  36,057  cwts.  for  the  preceding  year.  In  Buckie  the  total  was 
34,915  cwts.,  as  compared  with  41,102  cwts.  in  1898;  while  in  the 
Wick  district  the  quantities  for  the  two  years  were  respectively  26,116 
cwts.  and  31,383  cwts.  In  the  districts  of  Lybster,  Helmsdale,  and 
Cromarty  the  decrease  was  comparatively  slight.  The  average  weight 
per  "  shot ''  of  the  line  also  declined  in  all  the  districts,  except  in 
Helmsdale,  where  it  was  the  »ime  as  in  the  previous  year.  In  the 
Lybster  district  it  fell  from  3-26  in  1898  to  1-398  in  1899,  which  is  the 
lowest  average  for  any  district  in  any  of  the  years  since  1894.  Three 
of  the  districts  had  averages  below  2  cwts.  per  "  shot  " — an  average  not 
represented  in  any  previous  year. 

With  respect  to  the  various  kinds  of  fish  caught  by  line  within 
the  closed  waters  of  the  Moray  Firth,  the  quantities  and  the  average 
weight  per  "  shot "  for  each  of  the  six  years  are  given  in  the  following 
Table:— 
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FI8U. 

1894. 

1896. 

1896. 

1897. 

1898. 

1899. 

1 

Cwts. 

Aver- 

Cwta. 

Aver- 

cwto. 1  t:,f 

Cwts.  ^:!'* 

Cwts. 

Aver- 

Owts. 

Ave 

age. 

age. 

age. 

age. 

«Nje. 

ft«« 

ICod        .       -       - 

32,571 

0-62 

47,646    0-81 

64,663 

107 

79,731     1-26 

56,208 

1-07 

62,763 

o-9e 

i  Ling 

2,169 

0-036 

2,937    0-006 

3,868 

0-062 

3,644    0-056 

2,667 

0-049 

2,883 

0-OB 

1  Torak     • 

26 

0-002 

24  1    — 

94 

— 

26      — 

43 

— 

82 

— 

'  Saithe    • 

6,120 

0-09 

6,083  !  0-087 

10,636 

0-17 

11,761     018 

14,881 

0-28 

9,383   :  0-ie 

Haddock 

163,629 

2-47 

178,870 

3-056 

156,703    2-6 

126,031     2  004 

81.098 

1-554 

68,076   1  1-22 

Whiting 

6,846 

0-094 

6,114 

0-087 

4,836    0*08 

3.319  ;  0062 

1,636 

0-029 

1.328      0-02 

Turbot  • 

6 

— 

— 

— 

16 

— 

16      - 

13 

— 

60 

— 

flaUbut • 

264 

0-004 

403 

0-007 

601 

0-011 

707    0-011 

730 

0-013 

762 

0-01 

Lemon  Sole   • 

.^ 



_— 

__ 

19      -      1 

14  1     — 

1 

__ 

6       — 

**  Flounder,  Plaice, 

andBriU" 

6,477 

0-088 

6,766 

0-09 

3,402 

0-056 

3,978    0-063 

3,425 

0065 

6,006   1  O-Of 

Conger  - 

1,244 

0-02 

777 

0-018 

823 

0-013 

1,533    0-024 

826 

0-015 

741   1  O'Ol 

Skate     • 

8,281 

0063 

8.014 

0-061 

3,683 

0-061 

3,999    0-063 

3,273 

0-062 

8,684   1  O-OC 

Other  kinds  - 

1 

7,976 

0-128 

9.466 

0-16 

7,483 

012 

6.663  '  0106 

4,574 

0-087 

3,116  1  0-oe 

1 

More  than  four-fifths  of  the  total  quantity  caught  by  line  within  the 
area  consisted  of  cod  and  haddocks,  and  both  of  these  show  a  diminu- 
tion as  compared  with  the  previous  year.  The  decrease  in  cod  was 
comparatively  slight,  amounting  for  the  year  to  3415  cwts. — the  aver- 
age catch  falling  from  1*07  to  0*95  cwts.  This  decrease  was  common  to 
all  the  districts,  except  Lybster  and  Findhom.  When  the  wtatistics  for 
each  of  the  six  years  are  examined  it  is  seen  that  there  was  a  gradual 
i-ise  both  in  the  gross  quantity  and  in  the  aveiuge  per  ''shot''  from  1894 
to  1897,  and  since  then  a  decline. 

The  averages  for  each  district  in  each  year  are  as  follows  . — 


District. 

1894. 

1895. 

1896. 

1897. 

1898. 

1899. 

Wick,  - 

0-99 

1-83 

1 

3-22 

4-16 

3-23 

2-75 

Lybster, 

1-92 

1-79 

1-71    , 

2-47 

1-89 

0-88 

Helmsdale,    - 

0-75 

1-31 

2  01 

2-39 

1-90 

1-57 

Cromarty, 

0-59 

0617 

0-74 

0-61 

0-63 

0-51 

Fiudhorn,     - 

0-48 

0-75 

0-85 

0-52 

0-55 

0-61 

Buckie, 

0-55 

10 

1-3 

1-68 

1-34 

1-21 

Banff,  - 

1 

0-13 

0-2 

0-22 

0-41 

0-53 

0-44 

In  all  the  districts  the  average  shows  a  decline  from  the  previous 
year,  except  in  the  district  of  Findhorn,  where  a  slight  increase 
occuired  in  the  averages  as  well  as  in  the  total  quantity. 

The  diminution  of  the  quantity  of  haddocks  caught  by  line  in  the 
Moray  Firth  is  still  more  noteworthy.  In  1898  the  quantity  landed 
was  81,098  cwts.,  while  last  year  it  was  only  68,075  cwts.,  or  a  falling- 
off  of  nearly  14,000  cwts.  The  average  per  **  shot"  also  declined  from 
1*554  to  1*229  cwts.  The  fluctuations  in  the  abundance  of  this 
important  food  fish  from  year  to  year  have  been  very  considerable.  In 
1894  the  quantity  caught  by  line  in  the  Moray  Firth  was  153,529 
cwts. ;  in  1895  it  rose  to  178,370  cwts.,  and  since  then  it  declined  to 
156,703  cwts.  in  1896,  to  126,031  cwts.  in  1897,  to  81,098  cwts.  in 
1898,  and  to  68,075  cwts.  last  year.  The  average  per  ''  shot "  has  varied 
in  much  the  same  way.  In  1894  it  was  2*47  cwts. ;  in  1895,  3*056 
cwts.;  in  1896,  2*6  cwt«. ;  in  1897,  20  cwts.;  in  1898,  1*564  cwts.;  and 
last  year  1*229  cwts.,  or  little  more  than  a  third  of  what  it  was  iu  1896. 
The  decrease  last  year  as  compared  with  the  previous  year  took  place  in 
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all  the  districts,  with  the  exception  of  Helmsdale.  In  Banff  district 
the  quantity  landed  fell  from  23,G37  cwts.  to  17,939  cwts.,  and  the 
avenige  from  1*93  to  1*61;  in  Buckie  district  the  corresponding  decline 
in  the  quantity  was  from  24,161  cwts.  to  19,518  cwts.,  and  the  average 
fell  from  2*49  to  1*87.  In  the  Findhorn  district  the  diminution  was 
not  so  marked — mtmely,  in  quantity  from  19,772  cwts.  to  18,300  cwts., 
and  in  the  average  from  1*34  to  1*12. 

The  average  weight  of  haddocks  caught  per  "shot"  of  the  line  in  each 
of  the  districts  in  the  various  years  is  as  follows  : — 


District. 

1894. 

1895. 

1896. 

1897 

1898. 

1899. 

Wick, 

0-54 

0-508 

0-22 

0-19 

0-27 

0-13 

Lybstei, 

1-63 

1-29 

0-69 

1-028 

0-77 

0-24 

Helmsdale.   - 

216 

211 

2-2 

1-59 

1-33 

1-52 

Cromarty,     - 

2-18 

1-96 

1-51 

1-54 

MO 

0-95 

Findhorn,     - 

3-31 

3-73 

3-32 

;     1-92 

1-34 

112 

Buckie, 

3-178 

319 

316 

1     2-62 

2-49 

1-87 

Banff,  - 

2-47 

4  07 

1 

3-06 

1     2-82 

1-93 

1-61 

The  next  most  ahundant  line-caught  fish  is  the  saithe  or  coal-fish, 
which,  unlike  the  cod  and  the  haddock,  was  obtained  in  gradually 
increasing  quantities  until  last  year.  The  quantity  increased  from 
5083  cwts.  in  1895  to  14,881  cwts.  in  1898, the  average  per  "shot"  also 
rising  in  the  same  period  from  0-087  to  0*28.  Last  year,  however,  the 
quantity  fell  to  9383  cwts.,  and  the  average  to  0*169  ;  and  the  decline 
was  common  throughout  the  Firth  generally,  all  the  districts  showing  a 
diminution  both  in  the  gross  quantity  landed  and  in  the  catch  per  shot 
of  the  line.  The  decrease  was  most  marked  in  the  districts  of  Wick 
and  Banff.  In  the  former,  the  quantity  diminished  from  9292  cwts.  to 
6330  cwts. ;  in  the  latter,  from  2,597  cwts.  to  850  cwts. 

It  is  somewhat  remarkable  that  throughout  the  period  of  six  years 
there  has  been  a  progressive  diminution  in  the  abundance  of  whitings, 
which  are  chiefly  caught  in  the  Banff  and  Findhorn  districts.  In  1894 
the  quantity  landed  was  5845  cwts.,  the  average  per  "  shot "  being  0-094 
cwts.  ;  last  year  the  gross  quantity  was  only  1323  cwts.,  and  the 
average  per  "  shot "  0*023  cwts.  The  decline  has  been  fairly  steady 
from  year  to  year. 

The  quantity  of  conger  landed  in  1899  was  but  little  below  the  total 
for  the  previous  year,  the  figures  being  741  and  826  cwts.  respectively. 
There  was,  on  the  other  hand,  a  slight  increase  in  the  quantity  of  skates — 
from  3273  to  3584  cwts. — but  the  averages  were  practically  the  same 
in  the  two  years.  The  statistics  for  these  fishes,  indeed,  show  greater 
uniformity  from  year  to  year  than  in  the  case  of  any  others.  Of 
"  other  kinds  of  white  fish  "  caught  by  line,  besides  those  specified  in 
the  Tables,  there  was  a  decrease  from  4574  to  3116  cwts.,  the  average 
also  declining  from  0*087  to  0*056.  In  1895  the  quantity  was  9456 
cwts.,  and  the  average  0*16  and  since  then  there  has  been  a  gradual 
decline. 

Among  fiat-fishes,  which,  with  the  exception  of  the  smaller  forms  in 
the  group  included  under  the  heading  "  flounder,  plaice,  and  brill,"  are 
not  caught  in  great  numbers  by  line  in  the  Moray  Firth,  the  statistics 
show  that  there  was  an  increase  labt  year  as  compared  with  the  previous 
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year.  The  total  weight  of  those  landed  in  1898  was  4169  cwts.,  as 
compared  with  5833  cwts.  in  1899.  Very  few  lemon  soles  are  caught 
by  line,  the  total  quantity  last  year  amounting  to  six  cwts.,  while  in 
1898  only  one  cwt.  were  landed.  Turbot  increased  from  13  cwts.  in 
1898  to  60  cwts.  last  year,  and  halibut  from  730  to  762  cwts.,  although 
the  average  per  "  shot  "  remained  the  same.  Among  "  flounder,  plaice, 
and  brill,"  the  increase  was  from  a  total  qiiantity  of  3425  cwts.  in 
1898,  to  5005  cwts.  last  year,  the  respective  averages  being  0*065  and 
0*09  ;  and  this  increase  took  place  almost  entirely  in  the  three  districts 
of  Helmsdale,  Cromarty,  and  Findhom.  The  whole  of  the  tiu'bot 
included  in  the  returns  were  landed  in  the  Wick  district. 

The   quantities  of  flat-fishes  landed  in  each  of  the  years  and  the 
percentages  of  the  total  are  as  follows  : — 


1895. 


Cwts. 

Percentage  of   Total 
Catch, 


1896. 


1897.     1898. 


4127  I  4715 


2-3    !    1-6 

I 


1-9 


1899. 


4169      5833 


2-5 


3-9 


The  total  quantity  captured  last  year  corresponds  closely  to  the  total 
in  1894,  but  the  percentage  is  considerably  higher,  and  is  the  highest 
in  the  series.  The  average  weight  per  "  shot,"  which  was  greatest  in 
1895  and  lowest  in  1896,  has  gradually  increased  since  the  latter  year. 

When  we  compare  the  fluctuations  in  the  quantities  of  the  fish 
caught  by  line  in  the  Moray  Firth  with  the  corresponding  statistics  for 
the  whole  East  Coast,  and  the  whole  of  Scotland,  it  is  found  that  the 
changes  have  been  general,  and  not  characteristic  of  the  area  named. 
The  diminution  in  the  abundance  of  cod  and  haddocks  was  common  to 
the  rest  of  the  coast.  The  quantity  of  cod  landed  on  the  east  coast  of 
Scotland  in  1898  amounted  to  263,838  cwts.,  while  last  year  it  was 
232,922  cwts. — a  decrease  of  30,916  cwts.  In  the  other  districts  on 
the  East  Coast  outside  the  Moray  Firth  the  quantities  were  in  1898, 
185,730  cwts.,  and  in  1899,  160,321  cwts.,  or  a  reduction  of  25,409  cwts. 
For  the  whole  of  Scotland  the  corresponding  figures  are  390,589  cwts.  in 
1898  and  321,669  cwts.  in  1899— a  falling-off  of  68,920  cwts.  So  also 
with  haddocks.  In  1898  the  quantity  landed  on  the  whole  East  Coast 
was  240,306  cwts.,  as  compared  with  181,397  last  year — a  difference 
of  58,909  cwts.  In  the  districts  on  the  East  Coast  south  of  the  Moray 
Firth,  the  quantity  landed  in  1898  was  156,330  cwts.,  and  in  1899, 
111,544  cwts.,  showing  a  decrease  of  44,786  cwts.  in  the  latter  year. 
On  the  whole  coast  of  Scotland  the  decrease  in  the  quantity  of 
haddocks  landed  last  year  amounted  to  62, 1 1 6  cwts.  The  same  is  true 
in  regard  to  saithe,  the  diminution  noticed  in  the  statistics  from  the 
Moray  Firth  being  common  to  other  parts  of  the  East  Coast.  With 
respect  to  flat-fishes  also,  we  find  that  there  occurred  a  slight  increase 
in  the  quantity  landed  last  year  as  compared  with  the  year  befoi*e,  not 
only  in  the  Moray  Firth,  but  on  the  other  parts  of  the  East  Coast ; 
although,  in  this  case,  the  increase  in  the  Moray  Firth  seems  to  be 
relatively  greater.  The  quantity  landed  in  the  districts  to  the  south  of 
the  Moray  Firth  in  1898  was  25,944  cwts.,  while  last  year  the  quantity 
amounted  to  26,184  cwts. — an  increase  of  240  cwts.  Within  the 
Moray  Firth  the  quantity  landed  from  the  closed  waters  was  4169 
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An  exjunination  of  the  atatistios  dealing  with  the  number  of  shots  " 
of  the  line-fiehiog  boats  in  the  Moray  Firth — that  is,  the  number  of 
visits  to  the  fiahing  grounds — shows  that  during  last  year  there  watt  an 
increase  iu  the  case  of  both  the  large  boats  and  the  small  boats  as  com- 
pared with  the  previous  year.  The  figures  for  the  whole  of  the  Moray 
Firth  in  each  of  the  six  years  are  these: — 


1894 

1895 

1896 

1897 

1898 

1899 

Large  Boat%  . 
Small  Boats, . 

7,082 
54,866 

7,710 
50,643 

11,916 
48,346 

14,039 

48,836 

10,330 
41,853 

12,665 

42,808 

61,048 

58,353 

60,261 

62,875 

52,183 

56,473 

It  will  be  observed  that  while  the  uumltei-  of  "shots"  of  the  small- 
line  boats  has  steadily  declined  over  the  [leriod,  the  number  of  "bhots" 
of  the  groat-line  lioats  inciensed  from  1894  to  1897,  and  that  the  con- 
siderable fall  in  1898  was  purtly  made  up  latt  year.  On  the  whole, 
however,  lim^-fishing  in  the  Moray  Firth  has  declined  during  the  last 
two  yeani.  The  detailed  statistics  for  each  of  the  districts  are  as 
follows : — 


In  the  Ci-omarty  and  Findhom  districts,  the  number  of  "shots"  of 
both  great  and  small-line  boats  increased  ;  in  BtLoff  and  Helmsdale 
districts  tiiei*  was  a  deci'caae  in  both  ;  in  Buckie  and  Wick  districts  the 
"sliots"  of  large-line  boftte  slightly  decieaKcil  and  those  of  smnll-line 
boats  increased  ;  and  in  Lyl>3ter  dintrict  there  was  a  gi-eat  increase  in 
the  "shots"  of  the  large  Hue-boiits  and  a  slight  decrea.se  in  those  of  the 
small-line  boats.  It  may  be  added  that  the  operations  of  a  considerable 
number  of  foreign  tniwleiu  within  the  Moiniy  b'ii-th  during  the  past 
few  years  mwtb  materially  uilect  the  i-esults  of  the  trawling  investiga- 
tions there.  In  1895  and  1896  a  single  foreign  trawler  was  engi^ed  in 
fishing  in  the  Moi;iy  Firtli ;  iu  the  next  year  there  were  seven 
observed  fre<iuenting  it ;  and  the  number  increased  to  32  in  1898,  and 
to  52  in  1899. 

T.  WF,MYSS  FULTON, 

Scieuiific  Sui/erintet-.tlent. 
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The  edible  crab  {Cancel*  paguma^  Linn.)  is  to  be  found  on  all  the 
coasts  of  Great  Britain  and  Ireland.  It  gives  rise  to  important 
fisheries,  the  chief  of  which  are  in  the  English  Channel,  and  on  the  east 
coasts  of  England  and  Scotland.  Owing  to  the  fact  that  the  crab  is 
found  close  to  the  shore,  the  fishery  may  be  carried  on  with  small  boats. 
In  1877,  as  a  result  of  the  report  of  the  Crab  and  Lobster  Commission 
of  1876-7  the  Fisheries  (Oyster,  Crab,  and  Lobster)  Act  was  parsed. 
With  a  view  to  develop  the  fishery,  and  to  check  a  tendency  to  deteriora- 
tion which  was  evident  in  certain  districts,  the  measure  prohibited  the 
sale  of  (1)  any  crab  less  than  4|  inches  across  the  broadest  part  of  the 
back,  (2)  any  soft  crab,  (3)  any  berried  crab.  The  first  and  second 
classes  of  crabs  are  practically  unsaleable;  berried  crabs  are  seldom 
captured.  The  law,  however,  made  an  exception  in  the  use  of  crabs  for 
bait ;  so  that  while  small,  soft,  and  berried  crabs  could  not  be  sold,  they 
might  be  broken  up  for  bait.  The  result  was  that  the  law,  so  far  as 
protection  was  aimed  at,  was  to  a  considerable  extent  inoperative.  In 
certain  places  crab  fishing  is  carried  on  more  or  less  for  the  greater 
part  of  the  year ;  in  some  districts,  however,  during  autumn,  when  a 
considerable  proportion  of  the  catch  consists  of  unsaleable  crabs,  viz., 
soft,  and  when  the  price  falls  in  consequence  of  the  inferior  quality  of 
some  of  the  saleable  crabs,  viz.  those  which  have  just  become  hard,  '}he 
fishermen  discontinue  this  for  some  other  mode  of  fishing.  In  Dunbar, 
a  port  which  may  be  said  to  have  devoted  itself  specially  to  crab  fishing, 
the  fishery  is  pursued  during  the  whole  year,  with,  however,  intervals, 
during  which  the  majority  of  the  men  take  up  the  summer  and  winter 
herring  fishing.  Within  the  past  few  years  the  crab  fisheries  of 
England  have  attracted  a  large  amount  of  attention  from  the  District 
Committees,  which  were  created  by  the  Sea  Fisheries  Regulation  Acts, 
1888-1894.    The  shortcomings  of  the  Act  of  1877  have  been  recognised, 
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and  in  various  ways  its  provisions  have  been  rendered  more  stringent 
by  local  bye-laws.*  They  have  resulted  in  (1)  an  increase  in  the  legal 
minimum  size  to  5  inches,  in  one  district  (Lancashire)  to  6  inches ;  (2) 
the  protection  of  small  and  soft  crabs ;  (3)  the  institution  of  a  close  time, 
the  main  object  of  which  is  the  protection  of  soft  crabs.  In  the 
protection  of  crabs  there  is  no  difficulty  such  as  is  encountered  in  the 
case  of  fishes,  where  capture  may  result  in  serious  injury.  The  crabs 
which  may  be  protected  by  law  can  be  returned  to  the  sea  uninjured. 

As  a  necessary  prelude  to  legislation,  attention  has  been  directed  to 
the  study  of  the  life-history  of  the  crab ;  and  on  this  subject  papers  have 
been  published  by  Wilson,t  Meek,t  and  Cunningham.§  Much 
remains  to  be  done,  however,  ere  the  life  of  this  form  and  its  relation 
to  the  industry  can  be  regarded  as  fully  known.  Mr.  W.  E.  Archer 
and  Mr.  H.  M.  Malan,  H.M.  Inspectoi-s  of  Fisheries  for  England  and 
Wales,  in  their  report  to  the  Board  of  Trade  anent  the  proposal  of  the 
Northumberland  Sea  Fisheries  Committee  to  institute  a  close  season  for 
crabs,  said,  irUer  alia : — "  We  think  that  if  these  considerations  were 
pointed  out  to  the  Committee  they  might  be  moved  to  take  steps  to 
obtain  more  definite  information  respecting  the  life-histories  of  lobsters 
and  crabs,  which  could  not  fail  to  be  of  the  utmost  importance,  both  to 
themselves  and  the  country,  on  a  question  which  at  present  gives  rise  to 
such  conflicting  opinions." 

An  important  point  is  raised  by  the  question  whether  or  not  an 
increase  in  the  legal  limit  would  tend  to  raise  the  average  size  of  the 
crabs  captured.  On  the  East  Coast  the  crabs  are  small ;  in  Cornwall 
very  large  crabs  are  taken.  The  numbers  of  male  crabs  over  8  inches 
in  breadth  captured  in  the  latter  district  is,  as  may  be  seen  from 
Cunningham's  report  §  (p.  20),  considerable.  The  crabs  caught  at 
Dunbar  do  sometimes  reach  that  size,  one  female,  which  came 
under  my  own  observation,  measuring  Sj^  inches.  Spence  Bate  I j 
was  of  the  opinion  ^Hhat  the  small  size  of  the  ci-abs  on  the  East 
Coast  is  due  to  the  temperature;  and  that  CornwaU,  where  the 
largest  crabs  are  taken,  is  the  central  habitat  of  the  species."  This 
is  a  view  which  is  probably  open  to  question.  It  may  in  part  be 
due  to  the  fact  that  the  crab  fishing  is  more  actively  pursued  on  the 
East  Coast  than  in  Cornwall.  The  Commissioners  of  1876  repoi-ted, 
with  regard  to  the  fishing  in  Cornwall  (p.  x.),  "  that  storms  constantly 
interfere  with  the  calling  of  the  fishermen,  and  the  weather  itself 
imposes  a  natural  close  season  without  the  intervention  of  Parliament." 
There  is  no  evidence  that  the  crab  fishing  in  Scotland  is  declining, 
though  very  great  fluctuations  in  the  total  catch  appear  from  year  to 
year  {vide  Table,  p.  134).  From  1895-1898  the  number  of  creels  owned 
by  the  fishermen  increased  from  71,968  to  77,157.  How  far  the  increase 
in  gear  is  accountable  for  the  increased  take  is  an  open  question. 

The  institution  of  a  close  season  with  the  view  of  protecting  the  soft 
crabs  is  a  remedy  which  in  the  present  condition  of  the  inshore  line 
fishing  would  press  hardly  on  the  fishermen  of  certain  localities.  In 
Dunbar,  for  example,  the  boats,  which  are  small  and  undecked,  are 
unfitted  for  the  active  prosecution  of  the  line  fishing.      The  boats  are 

*  The  new  regulations  are  summarised  on  p.  140. 

t  Wilson,  Northumberland  Sea  Fisheries  Committee,  Reports  on  the  Crab  Fishery, 
1893  and  1895.     Newcastle-on-Tyne. 

X  Meek,  Northumberland  Sea  Fisherioa  Committee,  Reports  on  the  Trawling  Excur- 
sions, 1897,  1898,  1899.     Newcastle-on-Tyne. 

§  Cunningham,  Cornwall  County  Council,  Report  of  the  Executive  Committee  for 
Fisheries,  1897-98.    Penzance,  1898. 

II  Reports  on  the  Crab  and  Lobster  Fisheries  of  England  aqd  Wales,  of  Scotland,  and 
of  Ireland  [C.  1695],  1877.    England,  p.  66, 
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open,  since,  if  they  were  decked,  they  would  not  be  suitable  for  the 
transport  of  the  large  fleet  of  creels. 

The  present  research*  has  been  carried  on  with  the  view  of  adding  to 
the  knowledge  of  the  life-history  of  the  crab,  upon  which  legislative 
interference  with  the  fishery  ought  to  be  principally,  if  not  altogether, 
ba«ed.  A  number  of  new  facts  are  brought  to  bear  upon  such 
important  questions  as  the  size  at  maturity,  the  seasonal  migrations, 
distribution,  the  season  of  casting,  and  other  points. 

Size  of  Crab  at  Maturity. 
The  Mature  Female  Crab, 

There  are  three  characters  by  which  a  mature  female  may  be  recog- 
nised, viz.  (1)  its  being  berried,  (2)  the  ripeness  of  the  ovary,  (3)  the 
presence  of  sperms  in  the  spermatheca. 

The  first  character  is  one  which  can  only  be  applied  as  a  test  of 
maturity  in  a  comparatively  small  number  of  cases,  owing  to  the  fact 
that  the  berried  crab,  unlike  the  beiried  lobster,  is  rarely  captured  in 
the  creels.  Cunninghamf  consider  that  the  reason  for  this  most 
likely  is  "  that  the  movements  of  the  female  crab  are  hindered  by  the 
mass  of  spawn  mxich  more  than  are  the  movements  of  berried  lobsters." 
While  this  may  be  the  case  to  some  extent,  it  seems  probable  that  the 
berried  crab  is  forced  to  keep  in  shelter,  in  some  crevice  or  hole,  where 
it  will  not  be  exposed  to  the  attacks  of  other  crabs.  When  not  ben*ied 
the  abdomen  (or  tail)  is  the  least  vulnerable  part  of  the  body,  but 
when  it  carries  the  large  mass  of  eggs  it  is  kept  extended  from  the 
body,  and  could  then  be  easily  torn  off.  The  berried  crabs  kept  in  the 
tanks  at  Dunbar  did  not  appear  to  move  about  much,  for  the  food 
(pieces  of  fish)  which  was  scattered  over  the  bottom  of  the  tank  was 
often  left  untouched,  while  in  the  tanks  which  contained  unberried 
crabs  the  food  was  always  devoured  during  the  night,  a  fact 
probably  due  to  the  reluctance  of  the  former  to  leave  their  retreats, 
where  they  lay  half  buried  in  the  sand.  This,  no  doubt,  accounts  for 
their  absence  from  the  creels;  their  occasional  capture  may  have 
resulted  from  the  fact  that  the  creel  has  fallen  quite  close  to  where 
they  lay  hid.  There  is  evidence,  however,  that  the  berried  female 
undertflJces  a  journey  from  deep  water  to  the  shallows. 

If,  then,  the  berried  condition  were  the  only  standard,  we  should  have 
few  data  upon  which  to  found  our  conclusions.  But,  fortunately,  it  is 
possible,  for  several  months  afterwards,  to  recognise  a  crab  which  has 
borne  and  hatched  its  eggs.  As  Spence  BateJ  pointed  out,  after  the  eggs 
hatch,  the  empty  egg-capsules  remain  attached  to  the  swimmerets  for  some 
time.  He  added  that  they  were  got  rid  of  when  the  crab  cast.  They 
are,  however,  in  many  cases  thrown  ofl^  before  casting.  The  main  mass 
of  empty  egg-capsules  is  sloughed  off  shortly  after  the  eggs  hatch,  but 
a  few  may  be  detected  on  the  biises  of  the  endopodites  (viz.,  on  the 
posterior  surface  of  base  of  endopodite  of  1st  ai  d  inner  surface  of  base 
of  4th  swimmeret)  in  some  cases  five  months  after  that  period.  We 
thus  have  a  veiy  useful  distinguishing  mark  of  a  mature  female,  and, 

•  I  beg  to  acknowledge  my  indobtodness  to  Mr.  W.  Hulchison,  Dunbar,  for  much 
valuable  assbtaace.  During  my  absence  from  Dunbar  he  took  charge  of  the  labelling 
experiments,   and  of  the  diftorent  crab  statiaticH  kcjjt  at  Dunbar  in  1899. 

t  Report  of  the  Executive  Committee  for  Fisheries,  Cornwall  County  Council,  for 
1897-1898.     Penzance,  1898,  p.  5. 

X  Reports  of  the  Crab  and  Lobster  Fiuheriea  of  England,  Wales,  and  Scotland.  Buck- 
Umd,  Walpole  and  Young  [C.  1695],  1877,  p.  56. 
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moreover,  one  which  is  capable  of  wide  application,  since  these  craba  are 
common  in  the  creels. 

Wilson*  has  given  some  attention  to  the  question  of  the  size  of  the 
crab  at  maturity.  He  saj's  that  it  had  been  repeatedly  stated  that 
the  berried  crabs  that  are  got  in  the  creaves  (creels)  are  larger  than  6 
inches.  The  smallest  berried  female  of  which  he  had  beard  was  one 
which  Mr.  Bugtass,  fishery  officer,  said  measured  about  4^  inches,  while 
the  shell  of  another,  5^^  iDches,  was  shown  him  by  Mr.  Story,  fishery 
officer.  The  amalleat  cnib  which  he  observed  with  a  ripening  ovary  was 
5^  inches  across  the  back  ;  none  other  was  less  than  5  j  inches.  He 
sums  up  his  conclusions  as  follows : — "  After  carefully  examining  many 
hundred  crabs  at  all  seasons,  I  am  now  convinced  that  the  ordinary 
size  of  maturity  of  the  female  crabs  of  the  Northumberland  coast  is 
above  G  inches.  ...  A  very  small  percentage  are  mature  when 
under  6  inches ;  a  considerable  minority  mature  when  between  6  and 
6^  inches;  and  between  6^  and  7  inches  the  great  majority  are 
mature."  Couch,  in  his  "  Cornish  Fauna, "t  says  that  the  female  crab 
begins  to  breed  when  the  carapace  is  about  3  inches  across.  la  his 
evidence,  given  before  the  Crab  and  Lobster  Commission  (p.  65),  Mr. 
Boach,  Plymouth,  stated  that  he  had  once  caught  a  berried  r.rab  4 
inches  aci'oaa,  but  that  they  are  generally  much  larger. 

The  evidence  which  I  have  collected  at  Dunbar  from  the  examination 
of  berried  crabs,  and  tliose  liaving  the  empty  egg-capsules  still  adhering 
to  their  swimmerets,+  is  given  in  the  following  Table ;  it  does  not  bear 
out  the  conclusions  arrived  at  by  Wilson  :— 

Sizes  of  MATURE  CRABS  (Berried  Coabs  and  Crabs  with  Empty  Eoo -capsules). 


BERRIED  OKABS,  OT;  C»au  wmi  EMPTY  EOO-OAPSULES,  3S.    ToTil.,  65. 

The  smalleet  mature  crab  is  one  at  i\  inches.  Of  a  total  of  66  indi- 
viduals, 28  were  less  than  6  inches  across ;  37  were  over  that  size.  The 
crabs  here  recorded  were  not  selected  with  a  view  of  determining  the 
size  of  the  smallest  mature  crab,  and  from  evidence  supplied  by  the 
presence  of  sperms  in  the  spermatheca  T  have  no  doubt  that  a  careful 
examination  of  small  crabs  would  reveal  a  considerable  number  of 
mature  individuals  of  less  breadth  than  5  inches.  The  crab  is  mature, 
however,  at  a  much  earlier  stage  than  Wilson  supposed.  The  figures 
are  not  sufficient  to  admit  of  any  calculation  of  the  proportions  of 

*  MorthuniberUnd  See-Fisheries  Committee.    Further  Beport  oD  the  Cnb  Fisherj'  of 
Northumberland,  Newcast[e.on-Tyiie,  189S,  p.  6. 
+  a.,2ndedit.,  187S,  p.  68. 
;  Marked  Eh.  in  Table  II.,  p.  94. 
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mature  crabs  at  the  different  sizes ;  further  investigation  is  required 
ere  this  could  be  satisfactorily  accomplished.  While  it  is  not  im- 
possible that  the  crabs  on  the  Northumberland  coast  become  mature  at 
a  later  stage  than  those  off  Dunbar,  I  think  it  highly  improbable.  The 
conclusion,  so  far  as  the  berried  cmbs  and  those  with  empty  egg- 
capsules  are  concerned,  then,  is  that  the  female  crab  may  be  mature 
at  the  size  of  4-^  inches,  and  that  a  lai*ge  proportion  of  the  crabs  are 
mature  between  5  and  6  inches. 

With  regard  to  the  second  character,  viz.,  the  development  of  the 
ovary,  it  may  be  granted  that  when  the  ovary  is  ripe  the  crab  will 
carry  eggs  before  it  casts ;  in  other  words,  before  it  increases  in  size. 
Herrick,*  however,  has   recorded   two  cases  where   the   lobster   had 
extruded  its  eggs  immediately  after  casting.     He  regards  such  a  process 
as  extremely  rare.     The  ovary  must  have  been  ripe  at  the  time  of 
casting.     No  analogous  case  in  the  crab  has  come  under  my  observa- 
tion.    This  contingency  may,  I  think,  be  neglected  ;  the  presence  of  a 
ripening  ovary  may  be  regarded  as  a  proof  of  maturity.     Wilson  ,t  from 
his  examination  of  the  ovaries,  states  that  *'  nearly  all  the  large  and 
hard  autumn  crabs  are  ripe,  or  almost  ripe ;  whereas,  though,  as  I  have 
found,  crabs  in  a  similar  condition  occur  at  other  times  of  the  year, 
they  are  proportionately  few."     In  a  ripe  ovary  all  the  eggs  are  not  of 
one  size.     The  diameter  of  the  yolk  mass  may  vary  from  •3-'41mm.  ; 
in  some  ^gs  the  yolk  sphere  is  as  small  as  '24mm.     The  diameter  of 
the  zona  radiata  varies  greatly  from  the  fact  that  the  egg  in  the  ovary 
has  a  large  periviteiline  space.      In  the  egg,  when   earned   on   tlie 
swimmerets,  the  periviteiline  space  is  very  slight.     In  the  ovary  the 
diameter  of  the  capsule  may  vary   from   "4  4-*  7mm.      The   eggs   are 
slightly  oval.     The  external  eggs  measure — outer  capsule,    •44x'41, 
•45x'46,   •44x*46,   -Six -48;    egg   sphere,  •4x-4,   -38  x '4,   •4x-38, 
•42  X  '42.     The  ripe  ovary  is  of  a  turkey-red  colour.     It  is  very  much 
distended,  and  covers  almost  the  whole  dorsal  surface  of  the  body  of  the 
crab.     It  contains  a  large  quantity  of  an  amber-coloured  fluid.     I  have 
not  met  with  a  ripe  ovary  in  a  crab  at  any  other  time  than  autumn 
and   winter.      The   unripe   ovary   is  of  a  pale  colour,  with  often   a 
slight  greenish  tinge.     It  contains  small  unyolked  eggs  on  an  average 
about  *lmm.  in  diameter.      The  eggs  become  yolked  when  about  *2mm. 
in  diameter,  and  in  consequence  the  ovary  assumes  an  orange  colour, 
at  other  times  pink  or  red.     Yolked  eggs  of  *2  and  *24mm.  diameter 
are  found  also  in  white  ovaries.     The  so-called  coral  condition  of  the 
ovary  is  not  an  indication  of  ripeness.     In  each  month  of  the  year, 
with  the  exception  of  March,  Aprils  and  September,  when  I  have  not 
dissected  any  crab,   I  have  found  the  ovary  with  yolked  eggs,  and 
consequently  coloured  either  orange  or  red.     An  analysis  of  a  number 
of  crabs  with  respect  to  the  condition  of  the  ovary  and  the  size  of  the 
eggs  is  given  in  the  Table  on  p.  90.     They  are  arranged  in  the  months 
during  which  they  were  obtained  and  examined.     The  presence  of  a 
coloured  ovary  is,   tlien,  an  indication  of  maturity.     The  developing 
ovary  is  very  seldom  found  in  a  soft  crab.     A  pjft  crab  in  August, 
measuring   5|-  inches    had   an   orange-coloured   ovary,  with   eggs  of 
about  '15mm.     That  was  the  only  case  in  which  other  than  a  pale 
white  organ  was  found   before   the   crab   had  become  hard.     While 
the  number  of  hard  crabs  examined  was  large,  they  are  not  of  sufficient 
diversity  in  size  to  afford  much  evidence  on  the  question  of  the  smallest 

*  *'The  American  Lobster :  a  Study  of  its  Habits  and  Development."    BttiUtin  U,S. 
Fuk  CammiMsum  for  1895,  p.  35. 

t  Op.  eU.,  p.  4. 
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size  of  maturity.  The  following  cvabe  utiiler  6  inches  were  found  with 
ripening  ovftries,  viz.  two  ci-abs  at  5  inches ;  two  at  5y*f  inches,  one  ftt 
each  of  the  following  sizes — 5|,  53,  5J,  5|,  5| ;  two  at  5J.  In  the 
emallest  size  we  have  a  close  Agreement  with  the  data  afforded  by  the 
berried  crabs  and  those  with  empty  egg-capsules — viz.,  41. 

So  far  the  term  mature  has  heen  limited  to  those  crabs  which  give 
proof  that  Ihey  have  actually  reproduced  their  species  (berried)  or  are 
preparing  to  do  so  (ripening  ovary).  It  is  now  necessary  to  include  in 
the  term  mature  those  which  are  capahle  of  reproducing  their  species. 
A  female  crah  may  be  physiologically  mature  when  of  a  certain  size, 
and  still  its  ovary  may  not  ripen.  The  male  crab  does  not,  as  in  most 
forms,  impregnate  the  eggs  directly.  It  introduces  its  sperms  into  the 
Bpermatbeca  of  the  female  immediately  the  latter  casts  its  shell,  and  the 
aperms  are  retained  in  the  specialised  diverticulum  of  the  vagina  for 
probably  in  most  cases  about  a  year  before  they  are  used  to  impregnate 
the  ova.  It  then  follows  that  if  a  crab  is  not  fertiliseii  when  it  casts 
it  cannot  reproduce  its  species  till  the  next  cast.  A  crab  measuring  4^ 
inches  across  is  capable  of  fertilisation,  but  many  crabs  measuring  from 
4|  to  5^  inches  are  not  feililised.  The  latter  will  not  he  functionally 
mature  till  they  are  of  larger  size.  So  far  the  evidence  will  not 
permit  me  to  say  that  every  crab  at  4^  inches  is  thus  mature,  nor  is 
it  quite  certain  that  no  crab  smaller  than  that  is  mature.  Of  54  crabs 
measuring  4^-5|  inclusive,  29  were  fertili'sed  and  25  unfertilised. 
No  fertilised  crab  was  found  among  the  27  less  than  4^  inches  across; 
and  every  crab  above  5|  inches,  viz.  76  in  number,   was    fertilised. 

Fertiused  and  Unfertilised    Female  Chabs. 
Analysis  of  157  Female  Crabs,  measuring  from  3-8^  inches. 


A  female  crab  which  is  capable  of  being  fertihsed  differs  structurally 
from  an  actually  immature  specimen,  in  that  the  vagina  of  the  former 
is  of  large  diivmeter,  and  the  spermatheca  is  a  sac  of  considerable  size  ; 
in  the  latter  the  vagina  is  narrow  and  the  spermatheca  is  so  small  that 
it  is  with  difficulty  made  out.  The  latter  condition  has  been  found  in 
crabs  3j,  3j  (2),  3|,  (3)  i^g,  4j  (2)  inches.  These  crabs  could  not  be 
fertilised  because  the  vagina  would  not  admit  the  penis  of  the  male. 

Fertilwation. 
The  male  crab,  it  ia  very  probable,  only  has  connection  with  the 
female  at  the  moment  the  latter  casts  its  shell,  and  while  the  new  shell 
ia  still  pliable.  The  male  copulatory  organ  is  paired,  as  also  are  the 
vagina  and  spermatheca  paired.  Bach  penis  consists  of  two  elements — 
the  anterior,  which  is  tubular,  situated  on  the  first  abdominal  segment ; 
the  posterior,  which  is  solid,  i-od-like,  situated  on  the  second  abdominal 
segment  (Plate  I.,  fig.  8).  The  posterior  element  is  received  into  the  tube 
of  the  anterior.  The  penis  is  inserted  into  the  spermatheca  and  the 
spermatophoreaare  by  it  conveyed  there.  In  the  female  the  genital  organs 
consist  of  two  vulvie,  two  vaginte,  and  two  spermathecs.  When 
the  female  casts,  the  inner  lining  of  the  vagina  and  spermatheca  are 
shed  with  the  old  shell.      At  this  time  the  glands  of  the  spermatheca 
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ai-e  active  and  poui*  a  profuse  gelatinous  secretion  into  the  8pei*matheca. 
This  fluid  when  treated  with  f^ea -water  coagulates  and  turns  white. 
After  fertilisation  has  talcen  place  the  vagina  is  found  to  be  plugged, 
a  large  white  body  effectually  closing  up  the  mouth  of  the  spermatheca 
and  the  vagina.*  This  body  is  much  constricted  at  the  mouth  of 
the  spermatheca  (fig.  6  i6.).  It  may  be  readily  split  longitudinally 
into  two  halves  (fig.  3).  It  is,  without  doubt,  formed  from  the 
secretion  of  the  glands  of  the  spermatheca.  The  fluid  very  probably 
flows  out  into  the  vagina  when  the  penis  is  introduced,  and  on 
the  withdrawal  of  the  latter  it  solidifies  and  remains  as  a  plug.  This 
plug  is  to  be  seen  in  all  soft  female  ci^abs  which  have  been  fei-tilised, 
with  a  few  exceptions.  Occasionally  the  plug  is  found  in  one  vagina, 
while  it  is  absent  from  the  other.  Two  male  crabs  were  found  which  had 
attached  to  their  penes  portions  of  the  plug.  In  one  case  a  crab  b\\, 
which  was  still  soft  when  obtained  in  October,  had  one  of  the  halves  of  a 
plug  attached  to  the  penis  (fig.  8) ;  while  another,  a  crab  of  5  inches,  which 
had  been  kbelled  (No.  826),  had  in  November  what  appeared  to  be  a  small 
portion  of  a  plug  on  the  base  of  the  penis.  The  absence  of  the  plug  from 
the  vagina  of  the  female  may  thus  be  accounted  for.  The  plugs  remain 
some  considerable  time  in  the  vagina,  but  disappear  about  the  time  the 
crab  becomes  hard.  Occasionally  traces  of  the  head  of  the  plug  are 
apparently  made  out  in  the  spermatheca.  The  vulva  th0n  closes,  a 
condition  which  is  eflfected  by  its  musculai*  structure.  Up  till  this  time, 
and  even  later,  the  secretion  remaining  in  the  spermatheca  has  retained 
a  fluid  consistency  ;  but  it  htis  nevertheless  become  more  viscid,  and  of  a 
deeper  amber  colour.  It  eventually  solidifies  completely,  and  the 
spermatheca  shrinks.  Tlie  mass  of  sperms,  which  shows  very  white 
through  the  wall  of  the  spenrnatheca,  lies  close  to  the  opening  of  the 
oviduct.  Shortly  after  fertilization  speimatophores  are  to  be  made  out 
in  the  spermatheca  along  with  independent  sperms  and  fat-globules, 
which  are  evidently  derived  from  the  colourless  fluid  of  the  vas  deferens. 
The  capsule  of  the  spermatophore  seems  to  rupture  soon  after  it  reaches 
the  spermatheca,  for  even  befoi-e  the  crab  has  become  hard  the  sperms 
are  all  found  to  be  free.  When  the  spermatheca  shrinks,  it  contains 
the  amber-coloured  solid  in  its  distal  part  (fig.  9  t6.),  and  just 
inside  the  mouth,  at  the  opening  of  the  oviduct,  are  massed  the  sperms. 
When  the  female  extrudes  her  eggs,^  certain  of  ( he  eggs  are  occasionally 
left  behind  in  the  spermatheca,  and  they  are  to  be  seen  in  the  amber 
solid.  In  a  female  crab  which  has  hatched  its  eggs,  the  solid  substance 
in  the  spermatheca  is  usually  of  two  distinct  kinds.  It  is  very 
probable  that  that  is  due  to  some  of  the  ovarian  fluid  which  is  present 
at  the  time  the  ovary  is  ripe  lodging  in  the  spermatheca  and  there 
solidifying. 

Cano,t  in  refening  to  Milne  Edwards*  observation  of  the  white  plug 
in  the  female  edible  crab,  states  that  "it  is  no  other  than  the  remains 
of  the  secretion  which  serves  to  glue  the  eggs  at  the  moment  of  their 
extrusion."  Milne  Edwards*  supposition  that  the  plug  was  the  terminal 
portion  of  the  membranous  penis  of  the  male  is  of  course  quite 
erroneous;  but  Cano  is  also  at  fault  in  his  explanation. 

It  has  been  stated  that  the  male  crab  after  it  has  fertilized  the  soft 
female  retires  to  shelter  in  order  to  cast.  Cano  J  says  that,  "  in  Decapod 
Crustacea,  coupling  is  always  preceded  by  casting,  fii-st  of  the  male,  then 

*  Present  also  in  Carcinus  mcenat, 

t  Cano,  "Morfologia  dell'  appareechio  se;tsaale  femminile,  glandole  del  cemento  e 
fecondaaone  nei  Cro«tacei  Decapodi."  Mittheilungen  aut  der  Zoologischen  Station  zu 
Xeapet,  Bd.  IX.,  p.  610  Note,  1889-1891. 

X  Op.  cU.,  p.  530. 
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of  the  female."  Mr.  Hutton,*  Customs  Officer,  Peterhead,  stated  before 
the  Crab  and  Lobster  Commission  that  when  the  female  becomes  a 
**  peelert,"  that  is  a  soft  crab,  which  she  does  yearly  in  the  end  of  July, 
and  in  August  and  September,  the  male  crab,  which  does  not  cast  its 
shell  at  this  time,  mates." 

The  reason  why  some  mature  females  are  not  fertilised  is  that  when  they 
cast  no  mature  male  had  been  present.  A  crab  of,  say,  4^  inches  had 
been  before  it  cast  probably  3|  inches  across.  It  was  then  in  what  may 
be  called  for  convenience  the  2  j-4  inches  group.  This  group  contains  no 
mature  females,  but  it  contains  a  few  mature  males  {see  below).  There 
is  good  reason  for  believing  that  the  crabs  will  be  found  grouped 
according  to  size  in  defined  areas  of  the  sea  bottom.  It  is  not 
improbable  that  these  ai*e  age  groups.  The  habitat  of  the  2^-4  inches 
group  is  not  known,  but  it  is  believed  to  be  just  outside  low- water 
mark.  The  crabs  on  casting  out  of  the  last  immature  group  (2||-4  inches) 
enter  the  adult  group,  to  which  belong  the  crabs  wMch  are  oaught  in 
the  creels ;  the  latter  measure  from  below  4  inches  up  to  8  inches  {vide 
Table  IX.  for  sizes  of  creel  crabs).  In  the  adult  group,  owing  to  the 
fact  that  practically  all  the  males  are  mature,  the  fertilisation  of  the 
female  is  almost  certain ;  but  when  a  female  in  the  immature  group 
casts,  the  chances  of  being  fertilised  by  one  of  the  few  mature  males 
are  of  courde  very  much  less.  It  is  not  improbable  that  all  of  the 
unfertilised  females  of  4^5  §  inches  had  before  casting  belonged  to 
the  immature  group.  If  this  is  so,  a  great  variation  in  growth  is 
apparent.  It  is  probable  that  the  capacity  for  fertilisation,  or,  in  other 
words,  the  maturity  of  the  crab,  depends  upon  its  age,  not  its  size.  The 
greatest  variation  appears  in  the  growth  of  the  crab,  and  a  difference  of 
even  1|  inches  in  breadth  is  probably  not  infrequent  between  large 
individuals  of  the  same  age. 

The  crabs  smaller  than  the  adult  group,  e.g,f  below  4^  inches,  cast  at 
least  once  a  year.  This  is  apparent  from  the  fact  that,  with  very  few 
exceptions,  their  shells  are  always  clean.  Any  Ectozoa  found  upon  them 
are  small,  e.g.,  SerpiUa,  Spirorbis,  and  Zoophytes.  :Only  rarely  do 
we  find  one  of  these  small  crabs  with  a  large  amount  of  Ectozoa. 
A  male  crab  measuring  2|  inches  across,  and  which  had  a  large 
Saocxdina  attached  to  its  abdomen,  was  dirty,  and  appeared  not  to  have 
cast  for  a  year  or  two. J  Another,  S-j^  inches  across,  a  female,  was 
covered  with  large  Anomia ;  on  the  swimmerets  were  a  large  Saxicava 
and  an  Anainia,  which  kept  the  abdomen  away  from  the  thorax.  All 
the  hairs  of  the  third  and  fourth  swimmerets  were  rubbed  off.  It 
appeared  not  to  have  cast  for  a  considerable  time,  more  than  one  year, 
previously.  A  third  crab,  a  male,  3|^  inches,  was  very  black  and 
dirty.  The  liver  was  very  small,  and  scattered  through  it  were  small 
black  rod -like  and  large  red  spherical  bodies,  t  These  appeared  to 
be  encysted  parasites.  A  female,  3^  inches,  had  evidently  not  cast 
for  some  time,  judging  from  the  dirty  condition  of  the  shell.  Casting 
among  the  immature  crabs,  then,  appears  to  be  inhibited  by  parasites, 
which  interfere  with  the  nourishment  of  the  creature.  In  the  mature 
group  reproduction  inhibits  casting,  and  for  an  analogous  reason,  namely, 
the  employment,  for  the  development  of  the  sexual  organs,  of 
the  nouri^ment  which  would  otherwise  have  been  used  up  in  the 
growth  of  the  crab.  The  crabs  over  4^  inches  which  are  capable  of 
reproduction,  but  which  have  not  been  fertilised,  are  to  all  intents  and 

*  Report  of  the  Crab  and  Lobster  Commission,  1877.    Evidence  for  Scotland,  p.  12. 

t  Vide  Cu^not,  '^Etudes  physiologiqnes  sur  les  Crustac^  d^capodes,"  Archiva  de 
BtotogUj,  T.  xiii.,  1895. 

X  It  is  well  known  that  crabs  infested  by  Saecvlina  do  not  moult.  (Cf.  Delage, 
'*  Evolution  de  la  Saoculine,"  Arch.  Zool,  Expir,  (2),  II.,  1884,  p.  666. 
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purposes  still  immature.  They  will  therefore  probably  cast  again  the 
next  year.  In  those  crabs  which  are  fertilised  the  ovaries  will  develop, 
in  response  to  the  stimulus  supplied  by  the  presence  of  the  sperms  in 
the  spermatheca.  As  to  how  long  an  interval  elapses  l)etween  casting 
and  the  extrusion  of  the  eggs  my  evidence  is  not  complete.  But, 
while  a  large  number  of  the  crabs  will  not  become  berried  until  at 
least  about  12  months  after  they  have  cast,  still  there  is  a  certain 
amount  of  evidence  that  a  crab  may  extrude  its  eggs  in  the  winter 
immediately  following  the  summer  when  it  cast.  A  number  of  soft  crabs 
were  kept  in  confinement  at  Dunbar  from  September  25th  till  early  in 
December.  They  were,  with  the  exception  ot  one  (5  J  inches),  over  5^ 
inches  in  breadth.  Two  of  these  crabs,  5g  and  7 J  inches,  were  on  9th 
December  not  quite  hard ;  the  former  had  a  white  ovary  with  yolked 
eggs  measuring  *2mm.  in  diameter ;  in  the  latter  the  ovary  was  orange- 
coloured  and  contained  eggs  '2  and  •24mm.  Certain  crabs  which  are 
hard,  of  clean  appearance,  and  white  on  the  under  surface,  are  known 
as  **  China  crabe";  they  are  got  towards  the  end  of  the  year,  and  are, 
without  doubt,  crabs  which  have  cast  during  the  summer.  One  of  these 
examined  in  December  was  5]-|  inches  across,  and  had  a  scarlet  ovary 
with  eggs  *35mm.,  that  is  to  say,  very  near,  if  not  quite,  ripe,  and 
certainly  as  large  as  many  of  the  eggs  in  a  ripe  ovary.  Another  of  the 
same,  measuring  Gj^^^,  showed  a  pink  ovary,  with  eggs  '15  and  *24mm. 
in  diameter.  Many  of  the  casters  of  one  year  are  cei^tainly  not  benied 
until  the  winter  of  the  following  year.  During  the  summer  following 
the  cast  they  are  found  to  be  clean  and  light-coloured,  and  with 
coloured  developing  ovaries,  which  will  be  ripe  in  the  succeeding 
October.  Several  of  these  clean  crabs  were  obtained  in  May  and  others 
in  July.  They  were  placed  in  the  tanks  at  Dunbar,  and  of  the 
siu^vors  one  was  berried  in  November;  another  was  ripe  in  December, 
but  was  killed  before  it  extruded  its  eggs ;  a  third  had  yolked  eggs 
•24  and  •27mm.  in  diameter ;  and  a  fourth,  killed  in  February,  was 
ripe.  ( Vide  Table,  pp.  92,  93.)  Tlie  conditions  of  captivity  were  probably 
not  very  favourable  for  spawning ;  but,  in  any  case,  it  is  the  fact 
that  many  of  the  female  crabs  of  mature  size,  which  cast  in  any  year, 
are  hard,  full  crabs,  with  ripening  ovaries  in  the  following  summer,  and 
extrude  their  eggs  in  the  winter ;  that  is  to  say,  about  14  months  after 
casting.  Those  crabs  which  cast  early  in  the  year — in  July,  for 
example — would  be  more  likely,  then,  to  have  ripe  ovaries  at  the  end  of 
the  year  than  those  which  cast  in  September.  If  now,  for  clearness,  we 
give  an  age  to  the  crab  of  the  mature  group,  expressed  in  a  number  of 
months  counted  from  its  cast,  we  may  conclude  that  certain  crabs  may 
be  berried  in  six  months,  while  others  are  not  berried  until  over  twelve 
months  afterwards. 

Annual  Spawning, 

A  crab  does  not  always  cast  immediately  it  hatches  its  eggs. 
It  very  often  carries  eggs  two  yeai's  in  succession.  The  supply  of 
sperms  which  it  receives  when  soft  is  not  all  used  up  in  fertilising  the 
first  batch  of  eggs,  and  so  long  as  the  sperms  are  present  in  the  sper- 
matheca the  crabs  will  probably  not  cast.  In  fact,  everything  points  to 
the  probability  of  the  crab  usually  carrying  two  batches  at  least  before 
it  costs  again.  This  is  demonstrated  by  an  examination  of  those  crabs 
which  are  berried  and  those  which  have  recently  hatched  their  eggs.  The 
particulars  of  a  number  of  these  crabs  will  be  foimd  in  Table  II.,  p.  94. 
The  ovaiy  of  a  berried  crab  just  after  it  has  extruded  its  eggs  is  small 
and  pale  in  ooloor,  a  slight  greenish  tinge  being,  however,  sometimes 
noticed.     The  ^gs  are  small,  transparent,  non -yolked,  about  Imm.  in 
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diameter.  Here  and  there  through  the  ovary  appear  ripe  eggs  which 
have  not  been  extruded  with  the  main  mass.  In  May  and  July,  in 
three  examples  dissected,  yolked  eggs  were  found ;  two  of  the  ovaries 
were  white,  the  third  red.  In  the  crabs  which  have  just  hatched  their 
eggs  the  ovaries  were  found  to  be  of  a  red  colour.  (Table  II.,  p.  94,  July.) 
In  August  seven  examples  came  under  observation;  they,  with  one 
exception,  showed  developing  ovaries  and  varying  quantities  of  sperms  in 
the  spermatheca.  In  October  and  December  1899,  of  the  nineteen 
dissected  crabs  which  showed  by  the  presence  of  the  empty  egg-capsules 
on  their  awimmerete  that  they  had  hatched  their  eggs  during  the 
summer  immediately  preceding,  many  had  ripe  eggs.  A  number  of 
crabs  which  had  hatched  their  eggs  in  the  tanks  at  Dunbar  were  kept 
there  until  November.  One  measuring  5|^  inches  across  had  an  orange 
ovary.  Four  which  survived  till  December  had  ovaries  pink  or  oi-ange 
in  colour,  and  containing  eggs  measuring  from  •15-*27mm.  in  diameter. 
On  December  1st  a  female  measuring  5^  inches  across  was  found  to 
have  a  few  empty  egg-capsules  on  the  base  of  the  swimmerets.  On 
December  9bh  it  extruded  a  quantity  of  eggs.  A  berried  crab,  6  inches 
across,  which  was  got  from  Dunbar  on  December  9th,  1899,  was 
examined  on  its  death  in  February.  Empty  egg-capsules  were  found  at 
the  base  of  the  endopodite  of  the  fourth  swimmeret.  They  were 
to  some  extent  concealed  by  the  mass  of  the  new  eggs  which  was  attached 
to  the  limb.  The  actual  proof  supplied  by  the  last  two  crabs — 
that  the  female  may  carry  eggs  in  two  successive  years — is  led  up  to  by 
the  evidence  afforded  by  the  condition  of  the  ovanes  of  the  crabs  which 
had  lately  been  berried.  We  have,  then,  in  the  female  crab,  reproduc- 
tive periods  of  two  years  at  least,  separated  by  growth  (or  casting) 
intervals.  Those  crabs  which  are  not  preparing  to  carry  another  batch 
of  eggs  appear  to  cast  very  soon  after  the  brood  hatches ;  but  it  is  not 
improbable  that  some  do  not  cast  tiU  the  following  summer.  A  certain 
amount  of  evidence  bearing  upon  this  question  in  the  lobster  has  been 
published.  Herrick*  writes  as  follows  :  — "  Females  usually  moult 
shortly  after  the  hatching  of  a  brood."  Of  several  lobsters  which  had 
hatched  their  eggs,  and  which  were  placed  in  confinement  by  Cunning- 
hamt  in  September,  two  cast  their  shells — one  on  November  27th  and 
the  other  about  February  9  th.  Meek  J  records  a  female  lobster  which 
was  brought  to  Cullercoats  Laboratory,  "  evidently  after  hatching ; 
she  cast  her  shell  in  the  lank  during  17-1 8th  August." 

With  regard  to  the  frequency  of  spawning  in  the  lobster,  there  has 
been  considerable  divergence  of  opinion.  Thus,  Ehrenbaum§  was  of 
the  opinion  that  the  Europefin  lobster  becomes  productive  only  once  in 
four  years.  FuUarton  ||  considered  that  the  lobster  did  not  spawn  two 
years  in  succession.  Herrick  ^  accepts  the  pasition  of  Gkirman,  viz., 
"  that  the  female  lobster  lays  eggs  but  once  in  two  years,  the  laying 
periods  being  two  yeai-s  apart."  HeiTick  found  immature  ovaries  in  21 
lobsters  which  had  recently  hatched  their  eggs,  and  concludes — "  That 
the  spawning  periods  are  thus  two  years  apart  is  a  valid  inference  drawn 
from  the  study  of  the  reproductive  organs"  (p.  71).  Allen**  in  this 
connection  says — "  An  examination  made  at  the  end  of  July  of  the  ovary 

*  Op.  c*(.f  p.  35. 

t  Op.  cii.y  pp.  40, 41. 

X  Northumberland  Sea  Fisheries  Committee.     "  Report  on  the  Trawling  Excursions, 
&c,"  1899,  p.  54. 

§  "Der  Helgolander  Hummer,"  Wisgeiischafiliche  MeerftufUersuchungttn.  Neue  Folge,  1 
Bd.,  Hft  1,  Kiel,  1894. 

II  Fourteenth  Annual  Report  of  the  FUIienj  Boaixl,  Part  III.,  p.  186. 

IT  Op.  cU,,  p.  70. 

**  ''The  Reproduction  of  the  Lobster,"  Journal  of  the  Marine  Biological  Astodaiionj 
N.  S.,  Vol  IV.,  No  1,  pp.  60-69. 
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of  a  female  whose  brood  had  just  been  hatched  did  not  appear  to  me  in 
itself  to  offer  evidence  for  or  against  the  view  that  eggs  would  not  be 
laid  during  the  summer.  .  .  .  If  no  further  evidence  of  a  different 
kind  were  forthcoming  one  would,  I  think,  have  been  inclined  to  expect 
that  the  eggs  would  have  been  laid  during  the  same  summer."  Prince* 
combated  the  theory  of  biennial  spawning  on  histological  and  other 
grounds.  In  a  footnote  (p.  72)  Herriek  adds — "  The  best  way  to  test 
the  question  by  experiment  would  be  to  take  a  female  which  had  recently 
hatched  a  brood,  and  keep  her  alive  until  the  following  summer,  when  the 
next  batch  of  eggs  would  be  due,  in  case  the  spawning  period  is  a  biennial 
one."  This  has  been  done  by  Cunningham, t  and  the  result  of  the 
experiment  has  been  to  disprove  the  contention  of  Ehrenbaum,  Henick, 
and  Fullarton.  Of  five  lobsters  which  had  hatched  their  eggs,  and  which 
were  put  into  a  floating  hox  in  September,  one  was  beiried  on  October 
1 4th ;  another  examined  on  February  9th  evidently  had  a  ripe  ovary, 
but  having  apparently  failed  to  extrude  the  eggs,  the  latter  were  being 
absorbed.  Two  of  the  remaining  lobsters  cast  their  shells ;  the  fifth 
escaped  from  the  box.  These  facts,  then,  point  to  the  conclusion  that, 
as  in  the  case  of  the  crab,  the  lobster  may  carry  eggs  two  years  in  suc- 
cession. The  lobsters  which  Herriek  dissect^  were  probably  about  to 
cast,  and  when  growth  is  taking  place  the  ovaries  would  appear  to  be 
quiescent.  The  crab  will  not,  I  believe,  prepare  for  casting  so  long  as  a 
supply  of  sperms  remains  in  the  spermatheca ;  in  other  words,  it  will 
keep  on  having  successive  batches  of  eggs  until  the  supply  of  sperms 
is  exhausted. t  A  crab  on  casting  throws  off  the  inner  lining  of  the 
spermatheca  and  vagina  in  addition  to  its  exoskeleton,  and  therefore 
the  contents  of  the  spermatheca  are  also  discaixled  at  that  time.  The 
presence  or  absence  of  sperms  is  what  decides  the  direction  in  the 
former  case  of  the  nourishment  to  the  ovary ;  in  the  latter  to  the  general 
tissue,  and  especially  the  subdermal  areolar  tissue.  This  is,  no  doubt, 
what  takes  place  generally ;  but  the  absence  of  sperms  from  the  speima- 
theca  does  not  in  all  cases  prevent  the  development  of  the  ovary.  Thus, 
two  crabs  with  empty  egg-capsules,  one  4g  inches,  got  in  October,  and 
another  6-j-J^  inches  in  December,  had  red  ovaries  which  were  pi*actically 
ripe,  although  the  spermatheca  showed  no  sperms.  Another  5-j^  inches 
(October)  had  an  orange-coloured  ovary  with  eggs  •2mm.  There  was  in 
respect  to  certain  characters  some  evidence  that  these  crabs  were 
preparing  to  cast.  Again,  in  one  crab  which  was  soft^  mentioned  above, 
an  orange-coloured  ovary,  with  small  eggs  however  ('15mm.),  was 
observed.  Herriek  mentions  two  cases  of  the  lobster  extruding  its  eggs 
shortly  after  casting.  In  such  circumstances  the  ovaries  must  have  been 
ripe  before  the  casting.  It  is  veiy  probable  the  ripening  of  the  ovary 
while  the  crab  is  preparing  to  cast  may  be  due  to  the  fact  that  the  crab 
had  had  the  advantage  of  a  large  food  supply,  and  therefore  had  an 
excess  of  nutritive  material,  which  was  laid  up  in  the  ovary.  In  most 
cases  it  is,  however,  the  case  that  the  ovary  at  casting  is  little  developed. 
The  stage  of  development  of  the  ovary  at  the  time  the  crab  casts  will, 
no  doubt,  have  the  effect  of  shortening  or  lengthening  the  period 
between  casting  and  spawning.  Thus,  if  a  crab  has  a  ripe  ovary  when 
it  casts,  in  summer,  say,  it  would  in  all  probability  extrude  its  eggs 
within  the  next  four  or  five  months ;  whereas,  if  the  ovary  is  at  that  time 
very  immature,  spawning  will  not  be  likely  to  take  place  until  after  an 
interval  of  about  14  months. 

*  Report  of  the  Canadian  Lobster  Commission,  1898  (No.  11  C),  Ottawa,  1899. 

t  Op.  eii,  pp.,  40-41. 

X  Coete  found  that  Ma!a  tquinado  spawned  twice  after  a  sing^le  impregnation  {Oomptet 
Rtndutf  XLVII.,  p.  49,  1858).  According  to  the  obserrations  of  Mitchell  recorded  by 
IfiM  Rathban  (Proe,  U.S,  Nat,  Miu.,  XVIII.,  p.  369,  1895),  the  females  of  OallinecU* 
tapidut  are  imprep;nated  in  their  third  summer,  after  which  they  cease  to  moult,  and  the 
single  impregnation  suffices  for  all  subsequent  spawnings.  The  first  spawning  takes 
plao0  in  the  fourth  summer — a  year  after  impregnation. 
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The  evidence  as  to  the  maturity  of  the  female  crab  may  be  summed 
up  as  follows: — A  female  crab  becomes  potentially  mature  when  it 
measures  about  4^  inches  across  the  broadest  part  of  the  back.  At  that 
size  the  vagina  and  spermatheca  are  for  the  first  time  sufficiently 
developed  to  admit  of  the  introduction  of  the  sperms  into  the  sperma- 
theca. The  actual  maturity  or  reproductive  activity  of  a  crab  depends 
upon  its  being  fertilised  at  the  moment  of  casting.  Of  crabs  between  4^ 
and  5 1  inches  in  greatest  breadth,  a  considerable  proportion  {vide 
p.  82)  are  not  fertilised,  and  are  consequently  functionally  immature. 
All  crabs  over  5|  inches  which  were  examined  were  found  to  be 
fertilised.  While,  then,  all  females  over  5|  inches  are  probably  active  in 
reproduction,  a  proportion,  possibly  greater  than  the  half,  of  those 
between  4^  and  5|  inches,  are  also  mature.  With  regard  to  spawn- 
ing, a  crab,  as  a  rule,  carries  at  least  two  batches  of  eggs  in  succession. 
It  then  casts,  possibly  soon  after  the  hatching  of  the  last  lot  of 
eggs,  and  may  again  spawn  within  the  following  foiu*  or  five  months,  or 
not  until  after  an  interval  of  about  14  months.  The  latter  seems  to  be 
more  often  the  case.  And  as  to  casting,  certain  facts  seem  to  point  to 
the  possibility  of  the  crab  not  casting  until  a  considerable  time  after 
hatching  has  taken  place.  We  thus  have  a  reproductive  period  of  at 
least  two  successive  years,  followed  by  an  interval  of  growth  to  be 
succeeded  by  another  reproductive  period — annual  spawning ;  biennial 
or  triennial  growth. 

Times  of  Spa/uming  cmd  Hatching, 

The  crab,  according  to  Wilson,*  spawns  in  November,  December, 
and  January.  The  observations  of  Meek  and  Cunningham  confirm 
this  statement.  A  crab  extruded  its  eggs  in  the  beginning  of 
December  in  the  tank  at  the  Bay  of  Nigg,  another  which  had  been 
kept  in  the  creek  at  Dunbar  was  found  to  be  berried  in  December. 
The  crab  spawns  offshore  in  deep  water,  and  in  summer  migrates  to  the 
warm  water  nesu*  the  shore.  In  June,  Mr.  Buglass,  Berwick -on-Tweed, 
informs  me,  berried  crabs  are  caught  in  considerable  numbers  in  creels 
shot  on  a  sandy  bottom  near  the  shore.  According  to  information 
supplied  by  fishermen  of  Dunbar,  the}'  are  to  be  found  in  July  on  the 
sandy  bottom  of  Belhaven  Bay.  A  proof  of  the  inshore  migration  of 
the  berried  crab  is  mentioned  by  Meek.f  Mr.  Douglas  of  Beadnell, 
marked  a  berried  crab,  and  set  it  free  3  miles  from  the  shore  in  March. 
It  was  re-caught  about  a  quarter  of  a  mile  offshore  in  July,  and  was 
then  clean  hatched. 

The  newly-spawned  eggs  of  the  crab  are  orange  in  colour.  In  May 
and  June  the  orange  colour  has  given  place  to  a  more  or  less  reddish 
colour.  The  large  black  eyes  of  the  embryo  are  in  most  cases  already 
prominent.  When  the  eggs  are  ready  to  hatch  they  have  a  dirty 
grey  appearance.  Of  24  berried  ciubs  which  were  kept  in  the  tanks  at 
Dunbar,  17  hatched  out  in  July,  and  two  during  the  first  half  of  August ; 
the  remaining  five  died.  When  the  larva  hatches  it  is  not  very  active; 
within  fifteen  minutes  after  its  escape  from  the  egg  it  moults,  and 
appeal's  as  a  zoea  of  the  second  stage,  which  is  represented  in  Fig.  4, 
PI.  I.  The  zoea  of  the  shore  crab  (Carcinua  mceficu)  resembles  much  the 
larva  of  the  edible  crab,  but  differs  from  it  in  not  possessing  the  large 
lateral  spine  of  the  carapace  (Fig.  2).  Meek  concluded  that  on  the 
Northumberland  coast  hatching  takes  place  in  July  and  August.  The 
same  seems  to  hold  good  for  the  Dunbar  district.  The  period  of 
incubation  would  thus  be  seven  to  eight  months. 

When  the  eggs  are  ready  to  hatch  the  female  moves  its  abdomen 


♦  Op.  cit,  1893,  pp.  6,  6,  7. 
t  Op,  cit,,  1899,  pp.  62,  53. 
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slowly  backwards  and  forwards,  in  this  way  facilitating  the  escape  of 
the  larvae.  The  swimmerets  seem  to  move  independently  of  one 
another ;  the  bunch  of  eggs  attached  to  each  swimmeret  is  sharply 
separated  from  those  on  either  side  of  it.  This  is  not  the  condition  in 
the  crab  which  has  just  extruded  its  ova.  At  that  time  the  eggs  form 
a  large  spherical  mass  in  which  there  is  no  sign  of  division  between  the 
masses  of  eggs  of  the  different  swimmerets. 

During  the  progress  of  this  research  it  was  discovered  that  the 
Fishery  Board  had  not  the  power,  which  is  possessed  by  the  District 
Committees  in  England,  to  permit  the  possession  of  berried  crabs  for 
purposes  other  than  for  bait.  A  number  of  berried  crabs  were  obtained 
in  ignorance  of  this  difficulty,  and  the  evidence  which  they  bring  to  bear 
upon  the  different  questions  treated  has  been  incorporated  in  the  paper. 

Nufmber  of  Eggs  of  the  Grab. 

Spence  Bate  found  in  one  she-crab  2,000,000  ova ;  Buckland  states, 
as  the  result  of  a  calculation  made  by  his  secretary,  that  the  crab  carries 
no  less  than  1,441,000  eggs.  An  approxinuite  calculation  of  the  number 
of  eggs  carried  by  different  crabs  is  given  below.  The  number  varies 
greatly  with  the  individual.  The  method  adopted  in  the  estimation 
was  as  follows.  The  swimmerets  with  the  eggs  attached  were  preserved 
in  spirit.  They  were  then  dried  in  a  water  bath  and  weighed.  Fiom  the 
weight  thus  obtained  was  subtracted  the  weight  of  the  dried  swimmerets 
of  a  crab  of  the  same  size,  but  which  was  not  berried.  The  weight  of 
the  eggs  was  thus  found  approximately.  The  weight  of  the  hai'dened 
cement  by  which  the  eggs  were  attached  to  the  swimmerets  was 
neglected.  The  number  in  a  small  weight  of  the  eggs  was  counted, 
and  from  that  datum  the  total  was  deduced. 

The  Number  op  Egos  cahried  Externally  by  different  Crabs. 


Size  of  Crab. — Greatest 
Breath. 

Estimated  Number  of 
Eggs. 

1 

2 
3 
4 
5 
6 

5|  inches. 
6|     „ 

6       „ 
7U.. 

460,000 

750,000 

1,010,000 

940,000 

1,480,000 

3,000,000 

From  the  data  given  above  there  appears  to  be  an  increase  in  the 
number  of  eggs  with  an  increase  in  the  size  of  the  crab.  In  the  case 
of  two  crabs  measuring  5|  inches,  the  numbers  of  eggs  were  found  to 
be  460,000  and  750,000  respectively,  while  in  the  crab  7^  inches  in 
breadth  the  number  of  the  eggs  attached  to  the  abdomen  was  estimated 
at  about  3,000,000.  Herrick  *  found  that  the  larger  lobsters  carried  a 
far  greater  quantity  of  eggs  than  the  smaller  specimens.  A  lobster,  8 
inches  in  length  was  found  to  have  on  an  average  5000  eggs,  while  in 
those  measuring  15-19  inches  80,000  to  90,000  were  observed  in 
certain  exsLmples,  the  averages  in  that  range  of  size  being  46,000  to 
77,000  eggs.  From  an  examination  of  4645  berried  females  Herrick 
deduced  the  following  law  : — "  The  numbers  of  eggs  produced  by  female 
lobsters  at  each  reproductive  period  vary  in  a  geometrical  series,  while 
the  lengths  of  the  lobsters  producing  these  eggs  vary  in  an  arithmetical 
aeriei."  How  far  this  law  is  applicable  to  the  crab  extended  investiga- 
tion is  required  to  show. 

^Op.eiL,pp,  61,  52. 
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The  Maturf,  Male  Crab. 

The  male  crab  is  ripe  at  a  somewhat  less  size  than  the  female.  The 
condition  of  maturity  in  the  male  is  the  presence  of  ripe  male  elements 
in  the  vas  deferens.  The  sperms  of  the  edible  crab  are  not  unlike  those 
of  Carcinus  mcenaSf  as  described  by  Grobben*.  They  are  disc-shaped 
when  seen  from  above ;  in  the  centre  appears  a  small  refractile  body 
containing  a  nucleus;  the  periphery  of  the  disc  is  transparent  and 
delicate.  (Fig.  11,  a,  Plate  I.)  When  seen  from  the  side  the  sperm 
is  seen  to  be  spindle-shaped.  (Fig.  11,  b,  ib.)  In  contradistinction 
to  those  of  Carcinits,  the  edge  of  the  disc  is  smooth,  not  serrated. 
The  sperms  are  not  found  free  in  the  vas  deferens,  but  are  pacl^* 
in  capsules — spermatophores.  The  opening  of  the  vas  deferens  to 
the  exterior  is  on  the  apex  of  a  membranous  papilla  situated 
on  the  first  joint,  coxopodite,  of  the  last  thoracic  limb  {cp.  Brocchit). 
The  presence,  then,  of  spermatophores  in  the  vas  deferens  is  the 
character  of  a  ripe  male.  They  are  to  be  found  in  crabs  as  small 
as  3|  inches  across  the  back.  In  crabs  of  this  size,  and  certain  others 
up  to  4^  inches,  the  vas  deferens  is  of  small  diameter,  colourless  and 
tense  as  a  crystalline  rod.  It  encloses  a  colourless  fluid,  which  consists 
essentially  of  minute  fatty  corpuscles,  with  a  few  spermatophores. 
Between  3|-4|^  inches  most  of  the  crabs  exhibit  vasa  deferentia  of  this 
description.  Above  i\  inches,  however,  the  vas  deferens  is  white,  the 
colour  being  due  to  the  great  numbers  of  spermatophores  which  it  con- 
tains. A  still  further  stage  of  development  is  seen  in  the  extraordi- 
narily swollen  condition  of  the  sperm-duct  in  most  adult  hard  crabs. 
(In  all  conditions  of  the  vas  deferens  the  colourless  fluid  containing  the 
fat  corpuscles  is  present  also.)  In  the  adult  male,  when  the  swollen 
vas  deferens  is  torn,  the  contents  flow  out  profusely  through  the  con- 
traction of  the  muscular  wall  of  the  duct ;  and  if  the  membranous  genital 
papilla  is  pressed,  spermatophores  are  expelled.  It  is  very  probable 
that  this  swollen  turgid  condition  will  materially  aid,  if  it  is  not  neces- 
sary for,  the  act  of  fertilisation.  The  vas  deferens  of  a  very  soft  male 
crab  is  of  small  diameter,  though  white  in  colour.  In  such  a  case  no 
^)ermatophores  may  be  extruded  in  response  to  pressure  of  the  papUla. 
As  the  crab  hardens,  however,  the  diameter  of  the  sperm-duct  increases 
greatly,  and  there  is  conclusive  proof  that  a  male  crab,  even  before  it 
becomes  quite  hard,  may  fertilise  a  female  {vide  above — Fertilisation, 
p.  83).  In  hard  crabssmaller  than  3^  inches  across  no  spei'matophores  were 
made  out,  and  in  six  hard  crabs,  measuring  from  3|  to  4|^  inches,  none 
were  noticed.  (Vide Table  III.,  p.  98.)  Seventeen  hard  ci-abs,  from  3|  to 
i\  inches,  showed  colourless  vasa  deferentia  containing  spermatophores ; 
six  between  these  limits  had  white  sperm -ducts ;  above  4^  inches  all 
hard  crabs  had  white  and  swollen  vasa  deferentia.  All  male  crabs, 
then,  above  4^  inches  are  probably  mature.  In  the  case  of  the  female 
crab,  the  observations  made  so  far  indicated  4^  inches  as  the  smallest 
size  of  maturity.  Certain  male  crabs  are,  however,  mature  at  a  smaller 
size. 

In  Table  III.  the  description  is  given  of  the  condition  of  the  vas 
deferens  in  124  crabs.  These  observations  cover  the  period  from  May 
to  December  inclusive.  I,  however,  have  no  doubt  that  the  male  crab 
is  ripe  during  the  whole  year,  the  only  event  which  will  interfere  with 
its  reproductive  activity  being  casting. 

The  smallest  ripe  male  observed  by  Wilson^  was  5  inches  across. 

*  "Beitrage   zur   Eenntniss   der   mannlicheo  Goschlechtsor^ane    der    Dekapoden," 
Arbeiten  out  dem  Zcologitchen  Institut  der  UniversiiiUy  Wien.,  T.  i.,  1878. 

t  ''Becherchei  sur  lea  organes  g^nitaux  males  des  Crustac^  d^capodes,"  Awnaltt 
det  Sciences  NaturdUtf  Zoologie  ei  PaUotUologie,  T.  ii.,  1875. 

X  Op,  eit,,  p.  7. 
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III.— DiaascnoN  of  Male  Oeabb  Cauoht  in  CoEBLe. 

8.  IndicaM*  ton  cnb ;  H.  hard  cimb. 
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\ 
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VuDcttren*. 

May. 

a. 

«;0A:eA:sA:s||;6]. 

L«ri« ;  iwoUen  i  white. 

Pnmt. 

June. 

II, 

M. :  SA  :  61. 



Julj. 

B. 

3:31:SH:»1  :4|. 

Pale ;  while. 
Pale. 

Aug. 

a 

4A;4:*I:5A:6A:BI:6|:BH:'I. 

SwoUen;  while. 

., 

e. 

3C:SH:4;il  :*,V 

Pale.                                1        .. 

" 

s. 

awluen. 

NotDVid* 

OUl. 

Sept. 

cm 

«■ 

Over  «. 

fi,V:Bl;61:Bt:f41l:«l(. 

4(1  :  4)1  (No.  9T3)  :  5J  <No.  89T)  :  61  : 

4«No.  831) :  4»  (No.  eW) :  t«  (No.  S8«). 

4A  :  4H- 

L«Ke;«wolleii;  while. 
Swollen  :  white. 
Urge:awollei1:whit«. 

Pale;whlU. 

Urge  swollen;  while. 

Thin -.pale:  while. 

Nov. 

„ 

H. 

at 

H  (.So.  11161  :  6)J  (No.  11S6)  :  Bl  :  « 
(No,1084S;6A. 

4H(No.l«)0). 

Uoderale     thic1int*a: 
L«^;wollen;  while. 

■• 

H. 
H, 

3). 

4H  flfo.  1140)  ;  61  :  5|  (No.  1064)  :  S) 

BA(No.ll(M);6A(No.  1168). 

Si:3(l:3i:4. 

3l:!li:3i:3l:3i:S|:aH:»H. 

Large  ;  awoUen  ;  white. 
Small ;  while. 

Smalt ;  pale. 

- 

H. 

SA  :  3(. 

Pale. 

Notn.ad. 

out. 

I  Vaa  defereni  crowded  Rith  ipFrtnitophore*. 

External  Sexual  Chabactebs. 


otn  th«  female  tirab  by  three 


id  the  two  nilvK  on  the  fourth  thoracic  segment ;  (2)  the 
shape  of  the  iibdomen,  which  in  the  male  is  imrrow,  in  the  female 
broerl ;  (3)  the  form  of  the  carapace,  which  in  the  female  ia  more  convex 
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and  higher  than  in  the  male.  In  regard  to  the  last  feature,  the 
crenate  edge  of  the  carapace  of  the  male  is  broader  than  that  of  the 
female,  and  Ls  also  turned  upwards.  (Compare  Fig.  10  (a,  male  ;  b, 
female),  Plate  I.,  which  i^epresents  the  shells  of  two  ci-abs  of  the 
same  size,  viz.,  6j  inches.)  Of  the  three  sexual  characters,  the  first, 
viz.,  the  external  genitiil  organs,  is  alone  diagnostic  for  all  crabs. 
Thus,  it  is  possible  to  distinguish  the  sex  of  a  crab  when  it  is 
little  more  than  a  quarter  of  an  inch  in  breadth.  The  second  and 
third  characters  are  only  applicable  within  limits.  Thus,  the 
difference  in  shape  of  the  abdomen  will  l)e  found  sufficiently  defined 
in  crabs  of  2^  inches  and  upwards ;  while  the  shape  of  the  shell  as  a 
sexual  distinction  is  of  little  value  except  in  crub«  over  4  inches  in 
breadth.  In  other  words,  the  last  characti^r  is  of  moment  only  in 
mature  crabs.  An  additional  feature  which  is  especially  noticed  in 
crabe  over  5  inches  in  breadth  is  the  comparative  size  of  the  biting 
claws  in  the  male  and  female.  In  the  former  the  claws  are  very  much 
larger  than  in  the  latter.  Buckland  mentions  that  in  certain  places  the 
fishermen  were  accustomed  to  send  the  claws  alone  of  the  large  male  to 
market,  the  body  being  either  used  for  bait  or  thrown  away.  While, 
then,  the  external  organs  of  generation  are  a  primary  sexual  character, 
the  shape  of  the  abdomen  and  shell,  and  the  compai-ative  size  of  the 
large  claws,  are  secondary  diagnostic  sex  featui-es. 

The  testes  emd  ovaries  are  paii-ed ;  there  is,  however,  a  communication 
between  the  right  and  left  testes,  and  also  between  the  right  and  left 
ovaries. 

Proportional  Numbers  of  the  Sexes. 

In  order  to  arrive  at  the  proportional  numbers  of  the  sexes,  two 
large  groups  of  crabs  have  been  examined — (1)  The  small  crabs 
which  are  found  on  the  beach,  and  (2)  the  crabs  caught  in  the  creels  of 
the  fishermen.  The  beach  crabs  were  collected  twice  a  month  during  a 
year;  their  sex  and  size  were  noted  (Tables  IV.  and  VIII.).  The  number 
of  male  and  female  crabs  in  20  catches  of  the  fishermen  at  Dunbar  were 
counted.  In  the  list  each  month  of  the  year  is  represented  (Table  V.). 
Statistics  of  the  catches  of  crabs  at  Crail  were  kept  by  Mr.  A.  W. 
Brown,  St.  Andrews.*  In  Table  VI.  the  numbers  of  mules  and  females  in 
30  catches,  representing  each  month  of  the  period  February  to 
September  inclusive,  are  recorded.  A  distinction  has  been  made  in 
the  case  of  the  creel  crabs  between  crabs  of  legal  size,  4|  inches,  and 
thoso  under  that  minimum.  The  lists  of  undersized  crabs  are  not, 
bow«)ver,  likely  to  be  so  exact  as  those  of  the  gauge  crabs,  since  in 
some  cases,  for  example  at  Crail,  they  are  often  thrown  overboard  at 
sea.  At  Dunbar,  with  few  exceptions,  the  fishermen  were  asked  to 
bring  ashore  every  crab  of  the  catch  which  was  to  be  enumerated. 

The  numbers  of  crabs  collected  each  month  on  the  beach  are  detailed 
in  Table  IV. ;  the  hard  and  soft  crabs  are  separately  recorded.  Of  a 
total  of  2332  crabs  (for  the  sizes  of  which  see  Table  VIII.)  collected  on 
the  beach,  1154  were  males  and  1178  females.  This  shows  a  slight 
preponderance  of  females.  To  every  100  females  there  were  98  males. 
The  crabs  were  collected  without  any  selection  either  as  to  sex  or  size, 
and,  so  far  as  the  total  number  wantints,  may  probably  be  regarded  as  a 
fair  sample  of  the  crabs  which  make  the  beach  their  habitat. 

The  creel  crabs  (hard  and  soft  taken  together)  were  recorded  in  two 
divisions,  gauge  and  under-gauge  crabs.  In  the  20  Dunbar  catches 
there  were  of  the  under-gauge  crabs,  909  males  and  623  females,  i.«., 
for  every   100  females  146  males;    while  at  Crail,  where  only  390 

*  By  kind  permission  of  Professor  M'Intosh. 
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undersized  crabs  were  recorded  for  30  catches,  188  were  males  and  202 
EemaleS)  giving  for  each  100  females  93  males. 

In  respect  of  the  gauge  crabs,  of  the  total  of  5690  Dunbar  crabs  the 
males  numbered  2916  and  the  females  2774,  a  proportion  to  every  100 
females  of  105  males.  At  Crail,  of  4458  crabs,  2644  were  males  and 
1814  females;  the  preponderance  of  the  males  was  more  marked  than 
at  Dunbar,  100  females  being  accompanied  by  146  males.  The  Crail 
statistics  suffer  in  one  respect,  namely,  that  the  crab  fishing  is  not 
carried  on  after  September.  There  are  therefore  no  statistics  for  the 
winter  months,  when  the  proportion  of  females  is  probably  to  a  slight 
extent  raised  by  the  appearance  in  the  creels  of  females  which  had 
been  berried  during  the  first  half  of  the  year.  The  total  number  of 
males  and  females  among  the  beach  crabs,  and  the  undersized  and 
gauge  crabs  of  the  Dunbar  and  Cmil  catches,  are  given  in  Table  VII.. 
The  number  of  males  to  100  females  in  each  case  and  each  locality  is 
recorded.  If  the  crabs  from  Dunbar  and  Crail  are  added  together  we 
get  slightly  different  results — viz.,  for  the  undersized  crabs  133  males  to 
100  females,  and  for  the  gauge  specimens  121  males  for  100  females. 
While,  then,  in  the  small  crabs  of  the  beach  measuring  from  |  up  to  3g 
inches  there  appe«rs  to  be  a  slight  majority  in  females,  in  the  adult 
creel  crabs  the  majority  is  on  the  side  of  the  males. 

There  remains  the  question  as  to  whether  or  not  there  are  during  the 
year  seasons  when  the  numbera  of  the  male  sex  usually  predominate  in 
the  catshes  of  tlie  fishermen,  and  other  seasons  when  female  ci^abs  are 
in  the  majority.  Thus  Meek  *  says,  on  the  evidence  of  Mr.  Douglas, 
Beadnell : — "  There  is  a  majority  of  male  crabs  early  in  the  year,  but 
thi*;  majority  is  small,  and  continues  so  up  to  the  end  of  April;  in 
July  and  August  the  majority  of  females  is  very  great,  and  this  is  the 
case  until  the  end  of  September,  when  the  male  leaves  the  female." 
According  to  Wilson, t  "almost  all  the  market  crabs  taken  towards  the 
end  of  the  year  are  females ;  .  .  .  after  the  end  of  January  there 
is  frequently  a  great  excess  of  males  in  the  creaves."  Cunningham  t 
found  among  the  market  crabs  of  Cornwall  (Cadgwith)  a  majority  of 
females.  The  number  of  males,  which  is  small  at  the  beginning  of  the 
crab-fishing  season  (May  to  end  of  September),  increases  to  a  maximum 
in  June  and  then  declines.  Cunningham  institutes  a  correlation 
between  the  numbers  of  male  crabs  caught  and  the  temperature  of  the 
sea  water.  He  supposes  the  decline  in  the  numbers  of  the  males  in 
July  and  August  to  be  in  consequence  of  their  sexual  activity  at  that 
season. 

In  the  Crail  catches  (Table  VII.)  it  is  seen  that  in  each  month  from 
February  to  September  there  was  among  those  of  gauge  size  a  majority 
of  male  crabs,  and  this  was  the  case  in  each  catch  with  the  exception  of 
two,  in  which  the  female  crabs  were  slightly  more  numerous.  One 
catch  in  April  consisted  of  1 1 3  males  and  119  females ;  another  in 
August  was  composed  of  21  males  and  27  females.  In  the  case  of  the 
Dunbar  catches  (Table  V.)  there  is,  however,  much  diversity  in  the 
proportions  of  the  two  sexes.  Two  catches  in  the  same  month  in  some 
cases  do  not  show  the  same  relation.  For  example,  of  the  two 
Februaiy  catches,  in  one  there  is  a  majority  of  males ;  in  the  other  the 
females  are  the  more  numerous.  A  similar  relation  is  seen  between 
the  two  catches  in  July.  According  to  Wilson,  the  females  are  in  the 
majority  in  autumn  and  winter.  In  two  Dunbar  catches  in  November 
the  males  are  in  the  majority  among  the  hard  market  crabs,  and  also 

*  Op.  ciL,  1898,  p.  29. 

t  Op.  ciL,  1893,  p.  6,  and  1895,  p.  6. 

X  Op.  cit.,  p.  4. 
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in  the  total  haixi  and  soft  crabs.  Again,  if  we  divide  the  year  into  two 
portions,  January  to  June  and  July  to  December,  we  get  a  total  of  1403 
males  and  1401  females  in  the  first  half  of  the  year,  and  926  hard  males 
and  1006  hard  females  in  the  second  half  of  the  year.  If,  however,  the 
soft  crabs  are  included  we  have  1513  males  and  1373  females.  The 
seasonal  variation,  then,  seems  to  consist  in  a  slight  majority  of  males  in 
the  first  half  of  the  year,  and  a  slight  majority  of  females  among  the 
hard  crabs  from  July  to  December.  Tliere  are  two  factors  which  may 
tend  to  affect  the  relative  number  of  the  sexes  caught  in  the  second 
half  of  the  year.  The  crabs  which  hatched  their  eggs  in  July  and 
August  will  either  probably  cast,  or  proceed  to  deep  water.  The  latter 
then  are  added  to  the  number  of  marketiible  crabs,  while  the  former, 
remaining  soft  duiing  a  considerable  period,  will  not  affect  that  number 
till  about  the  end  of  the  year.  The  ranks  of  market  crabs,  however, 
receive  an  accession  from  the  crabs  which  have  through  casting  arrived 
at  a  size  which  admits  them  to  the  gauge  gi*oup.  These  probably  are 
not  hai*d  much  before  the  middle  of  October. 

With  regard  to  the  lobster,  Herrick  ♦  says  that  it  is  very  probable 
that  but  little  difference  will  be  found  in  the  numbei-s  of , the  sexes. 

It  is  very  probable  that  the  proportion  between  the  sexes  indicated  by 
the  beach  crabs  is  more  nearly  that  which  exists  in  the  species.  The 
females  which  are  berried  seldom  appear  in  the  creels,  and  this  fact 
tends  to  raise  the  percentage  of  male  crabs.  The  statistics  of  the  beach 
crabs  do  not  suffer  from  any  such  sexual  selection,  and  the  conclusion 
is  probably  warranted  that  in  this  species  the  females  slightly  exceed 
the  males  in  number ;  to  eveiy  hundred  females  there  are  about  ninety - 
eight  male& 

Table  IV.—  Crabs  Collected  on  Beach  at  Dunbar  between  Tide- 
marks  AT  Low  Water  of  Spring  Tides. 


January  10th  and  24th,  1898 

Hard  Crabs.  ' 

Soft  Crabs. 

Male. 

Fmale. 

Male. 

Fmale. 

53 

72 

4 

3 

February  8th  and  22nd,  1898 

70 

92 

•    • 

1 

March  10th  and  25th,  1898  . . 

69 

61 

•    • 

1 

April  8th  and  22nd,  1898 

63 

91 

•    • 

•   • 

May  7th  and  23rd,  1898  ;  26th,  1899 

216 

188 

•    • 

•   • 

June  6th  and  20th,  1898 

76 

62 

9 

5 

July  4th  and  19th,  1898 

72 

67 

23 

22 

August  4th  and  18th,  1898 ;  7th,  1899 

41 

30 

47 

75 

September  2nd  and  16th,  1898 

33 

42 

86 

68 

October  12th  and  27th,  1897 . .          ] 

84* 
27* 

71* 

28* 

(28  d 

•   • 

and$) 

•    • 

November  11th  and  26th,  1897 

40 

39 

72 

90 

December  10th  and  24th,  1897 

49 

57 

21 

13 

Totals 

892 

900 

262 

278 

SnU'y  $  1178. 
•  Qp.  cU,,  p.  78. 


♦  Includes  soft  crabs. 
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Table  VII. — Proportion  op  Males  to  Females  among  Hard  and  Soft  Crabs. 


DUMBAR. 

Crail. 

D    UNBAR  AND  ORAIL. 

Males. 

F'males. 

Number 

of  Males 

to  100 

Females. 

Males. 

Fmales. 

Number 

of  Males 

to  100 

Females. 

Males. 

Pmales. 

Number 

of  Males 

to  100 

Females. 

Beach  Crabs . 

Creel  P°«*«™"d 
^'•^Xoauge  Size 

1154 

009 

2916 

1178 

623 

2774 

97-9 
146 
106 

• 

188 
2644 

• 

202 
1814 

• 

93 
146 

• 

1007 
5560 

• 

825 
4588 

• 

133 
121 

Exuviation,  Casting,  Shedding. 

The  crab,  as  is  well  known,  can  onlj  increase  in  size  by  getting  rid  of 
its  hard  integument.  This  proce.ss,  which  is  known  as  "  casting "  or 
"  shedding,"  has  been  described  for  the  edible  crab  by  Jonathan  Couch,* 
and  for  the  lobster  by  Herrick.t  I  am  indebted  for  the  Report  con- 
taining Couch's  paper  to  the  kindness  of  Edward  Kitto,  Esq.,  Falmouth. 
Within  a  short  time  after  casting  the  shell  increases  in  size,  and  after 
calcification  the  only  increase  which  takes  place  in  the  animal  is  in  its 
weight.  The  histological  description  of  this  process  in  a  number  of 
decapod  Crustacea  has  been  fully  described  by  Vitzou.t  This  part  of 
the  subject  it  is  not  proposed  to  enter  upon  at  present. 

When  a  crab  is  preparing  to  cast,  the  dermal  areolar  tissue  {tiasu 
conjanctif  of  Vitzou)  is  permeated  with  a  viscid  fluid,  which,  in  addition 
to  rendering  this  layer  tense  and  elastic,  gives  it  a  characteristic  amber 
colour.  This  layer  extends  all  over  the  body,  and  is  especially  thick  at 
the  edge  of  the  dorsum.  When  the  crab  casts,  the  shell  opens  along  the 
suture  between  the  epimera  and  the  intumed  edge  of  the  carapace ; 
two  of  the  layers  of  the  new  shell  (viz.,  the  cuticle  and  the  pigment 
layer)  are  already  formed,  and  a  slight  calcification  has  taken  place 
round  the  periphery  of  the  carapace.  During  the  process  of  casting  the 
crab  lies  hid,  and  in  the  case  of  an  adult  female  it  is  at  this  time 
fertilised.  It  apparently  leaves  its  retreat  only  after  a  certain  amount 
of  calcification  has  taken  place ;  it  then  seeks  actively  for  food.  Crabs 
in  this  condition  are  caught  in  great  numbers  in  the  crab-creels  during 
autumn  and  winter.  A  considerable  amount  of  attention  was  paid  by  the 
Royal  Commission  of  1876  to  the  destruction  of  the  soft  crabs  which 
takes  place  during  these  seasons  of  the  year.  Buckland§  says . — "A 
soft  crab  may  mean  two  diflferent  things.  Firstly,  it  may  mean  a  crab 
which  has  just  cast  its  shell  and  is  soft  to  the  touch  like  putty  ;  or  it 
may  mean  a  crab  whose  shell  is  very  brittle  like  thin  glass,  in  which 
condition  it  is  called  *  soft  crab,'  *  caster/  light-footed  crab,'  '  light  crab,* 
*  white-bellied  crab,'  *  peelert,'  *  puller,'  *  metick,'  'seeding  crab,' 
'watery  crab,' 'white  crab,' 'ripe  crab,' ' pale  crab,*  'sheer'  or  'sick 
crab.'  I  myself  prefer  to  call  it  '  glass  crab.'  These  crabs  have  not 
recovered  their  condition  after  casting ;  they  are,  in  fact,  *  kelt '  crabs. 
I  have  dissected  several,  and  find  that  they  contain  very  little  else  but 
the  stomach,  liver,  lungs,  and  other  viscera,  but  always  a  great  deal  of 

*  "On  the  Process  of  Elxuviation  and  Growth  in  Cnbs  and  Lobsters,  etc."    Eleventh 
Annual  Rejxnrt  of  the  Royal  Comicall  Polytechnic  Society ^  1843,  Falmouth. 

t  Op.  cit.t  p.  84. 

X  ''Recherches  siir  la  Structure  et  la  Formation  des  Teguments  chez  lea  Cnistac^ 
D^capodes."    Archives  dt  Zoologie  Expirimtntale  et  OiniralefT,  10,  1882,  Paris. 

§  Op.  cit.,  p.  12. 
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water."  The  body  fluid  of  the  crab  is  nob  water ;  it  is  richly  albuminous. 
On  exposure  to  air  for  a  little  time  it  becomes  bliick  ;  and  if  a  quantity 
of  it  is  treated  with  picro-sulphuric  acid  it  coagulates  into  a  solid  mass. 
A  soft  crab  is  characteristically  coloured ;  the  dorsum  is  a  light  brick 
red,  the  under-surface  (epimera)  is  white ;  the  dorsal  surface  of  the 
great  claws  is  red,  the  under-surface  white.  In  a  hard  ci-ab  the  white 
portions  have  a  creamy  or  yellow  colour.  A  crab  remains  "soft," 
legally,  as  long  as  it  is  possible  to  push  the  thumb  through  the  shell  in 
the  gill  region  or  near  the  great  claws ;  this  it  is  still  possible  to  do  three 
months  after  the  time  when  the  crab  casts.  When  it  is  quite  hard 
through  increase  in  thickness  and  calcification  of  the  sheU,  four 
months  after  casting,  the  general  appearance  of  the  crab  has  changed  a 
little ;  the  white  portions  have  taken  on  a  slight  creamy  coloui*,  but 
otherwise  the  colours  are  bright  and  the  shell  clean.  The  crab  is  then 
known  as  a  ''  china  crab." 

A  crab  which  is  not  uncommon  at  Dunbar  in  autumn  and  winter, 
but  found  only  during  these  seasons,  is  known  as  a  "  milker."  It  is  to 
all  appearance  a  hard  crab  ;  the  white  portions  of  the  shell  and  claws 
have  taken  on  a  distinct  cream  colour.  On  testing  it,  however,  the  shell 
is  found  to  be  thin  and  brittle.  There  is  a  considerable  amount  of  body 
fluid,  but  this,  in  contradistinction  to  the  colomless  body  fluid  of  the 
normal  soft  crab,  is  white  like  milk.  On  treatment  with  picro-sulphuiic 
acid  it  does  not  coagulate  into  a  solid  mass,  but  settles  down  as  a 
somewhat  flocculent  precipitate.  Microscopic  examination  reveals  great 
numbers  of  small  bodies  which  are  probably  the  same  micrococci 
described  by  Cu^not*  as  having  been  found  in  Carcinus  mcenas.  The 
crab  itself  is  usually  small,  and  the  hardening  process  has  been  checked 
by  these  parasites. 

The  Occurf*€nce  of  Soft  Crahs. 

As  to  the  time  of  the  year  when  casting  takes  place,  while  there  is 
evidence  that  the  principal  time  of  casting  is  from  July  to  September 
(both  inclusive),  still,  from  the  occurrence  of  soft  crabs,  it  is  to  be 
inferred  that  casting  takes  place  during  a  large  portion  of  the  year, 
viz.  from  May  to  November  inclusive.  I  have  records  of  adult  soft  crabs 
for  every  month  of  the  year  except  April.  In  Table  V.,  p.  102,  are  given 
statistics  of  catches  of  crabs  during  each  month  of  1899.  In  addition 
to  these,  I  received  in  May  two  female  soft  crabs  measuring  4^  by  6| 
inches;  and  in  June  Mr.  Hutchison,  Dunbar,  observed  a  lai'ge  soft 
male  ;  in  March  he  noted  a  soft  crab  5^  inches  across.  Cunninghamt 
records  a  crab  which  cast  in  April.  In  the  case  of  the  small  beach 
crabs  —the  statistics  of  which  (Table  IV.,  p.  101)  were  kept  by  myself — 
some  were  found  soft  in  each  month  of  the  year  except  April  and  May. 
One  soft  crab  alone  was  found  in  February,  and  it  had  just  cast. 
It  would  then  appear  that  casting  is  not  confined  to  the  summer 
months ;  but  the  crabs  which  cast  at  other  times  of  the  year  are  pro- 
bably a  very  small  minority.  The  largest  number  of  soft  crabs  is  seen 
to  occur  in  the  months  August  to  November  inclusive.  The  statistics 
for  October  are  deficient.  It  is  not  known  how  long  a  small  crab 
remains  soft,  but,  judging  from  the  time  which  is  known  to  elapse 
before  hardening  is  completed  in  the  adult  crab,  it  is  probably  not  less 
than  two  and  a  half  months.  It  is  also  possible  that  a  crab  which  casts 
late  in  the  year  will  take  longer  to  harden  than  those  which  cast  early, 
say  July.     A  large  number  of  those  found  soft  in  November,  then,  might 

♦  Ou^not,  ''Etudes  physiologiques  sur  los  Crustacea  D^apodes."    Archivts  cUBiohgie, 
T.  XIIL,  1895. 

t  Op.  eit,,  p.  42. 
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have  cast  in  September,  and  those  found  in  December  and  January  may 
have  cast  in  October.  Of  those  got  in  July,  August,  and  September,  a 
number  in  each  month  were  observed  to  have  "  just  cast."  As  for  the 
creel-caught  crabs,  comparatively  few  soft  examples  are  got  in  July  ;  at 
that  time  the  few  boats  still  engaged  in  the  fishing  are  working  close 
inshore.  In  August  a  number  of  soft  crabs  are  to  be  got  in  shallow 
water  along  with  the  large  dirty  females,  which  show,  by  the  presence 
of  the  empty  egg-capsules  on  their  swimmerets,  that  they  have  recently 
hatched  their  eggs.  The  soft  crabs  are  then  for  the  most  part  of  small 
size.  For  example,  in  a  catch  of  176  crabs  on  August  6th,  1899,  of  the 
57  soft  crabs  44  were  between  3|  and  5f  inches,  while  1 1  only  were 
above  6^  inches  in  size.  These  crabs  were  for  the  most  part  crabs  which 
had  cast  out  of  the  immature  group.  When,  however,  the  fishermen 
begin  in  the  latter  half  of  September  to  shoot  their  creels  two  to  three 
miles  off  shore  in  over  20  fathoms  water,  they  get  immense  numbers  of 
soft  crabs  over  gauge  size,  and  including  at  that  time  a  considerable 
proportion  of  very  large  crabs  up  to  7  inches.  After  September,  with 
each  month  there  is  a  rapid  reduction  in  the  numbers  of  soft  crabs  over 
4 J  inches  in  size,  till  in  January  they  practically  disappear  from  the 
creels.  In  the  case  of  the  soft  ci*abs  under  4J  inches,  a  larger  number 
are  taken  in  the  creels  in  October  than  in  any  other  month.  As  will 
be  pointed  out  below,  the  small  crabs  appear  to  migrate  to  deep  water 
a  little  later  in  the  year  than  the  gauge  crabs.  'Ihe  statistics  of  the 
large  crabs  are  probably  therefore  of  more  importance  on  the  question 
under  discussion.  Among  the  crabs  4|  inches  and  over  in  breadth,  the 
percentage  of  soft  crabs  during  the  last  four  months  of  the  year  and 
January  were  respectively  : — September,  80  per  cent. ;  October,  55  per 
cent. ;  November,  42  per  cent. ;  December,  22  per  cent. ;  January,  2  per 
cent.  (Table  XIII.,  p.  143).  From  the  fact  that  after  September  the 
numbers  of  large  soft  crabs  decline  rapidly,  it  is  evident  that  there  can  be 
in  October  no  considerable  accession,  to  the  ranks  of  the  soft  crabs,  of  crabs 
that  cast  in  that  month ;  and  similarly  in  the  following  months  the  number 
of  crabs  which  are,  through  becoming  hai*d,  being  withdrawn  from  the 
soft  class  is  very  much  greater  thiin  the  number  of  those  which  are 
joining  the  same.  A  great  number  of  crabs  which  are  soft  in  September 
are  hard  in  October.  Thei-e  is  good  i*eason  for  allowing  for  the  harden- 
ing process  during  the  winter  months  about  3^  to  4  months ;  it  may  be 
taken  for  granted  that  the  period  will  not  be  longer  during  the  summer 
months.  Thus,  the  large  number  of  crabs  which  became  hard  in 
October  very  probably  cast  their  shells  some  time  in  July ;  then  those 
which  cast  in  August  and  September  should  be  hard  again  in  November 
and  December  respectively.  Fi-om  the  great  reduction  in  the  number 
of  the  soft  crabs  each  month  after  September,  it  might  be  po-'viible, 
given  the  aveiuge  time  required  for  hardening,  by  counting  backwards 
to  arrive  at  the  month  when  the  crabs  just  hardened  had  cast  their 
shells.  From  the  facts  already  known,  however,  we  can  get  at  the  main 
casting  period  with  fair  accuracy,  and  this,  there  appears  to  be  little 
doubt,  is  a  period  of  three  months — July,  August,  and  September.  If 
this  is  the  case,  we  should  expect  to  find  the  greatest  number  of  soft 
crabs  in  September,  because  during  that  month  we  should  have  the  soft 
crabs  of  the  whole  period.  Those  that  cast  in  July  and  August  would 
in  September  be  still  soft ;  in  Octo])er  the  July  crabs  would  become 
hard ;  in  November  the  August  casters  would  probably  again  be 
marketable;  and  so  with  the  September  crabs  in  December.  After 
December  and  until  the  following  August  the  number  of  soft;  crabs  is 
practically  negligeable.  Wilson*  says  that  casting  goes  on  in  July  and 
August.     Bucklandt  quotes  the  evidence   of   Mr.   Hutton,    Customs 
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Officer,  Peterhead,  to  the  effect  that  the  female  casts  yearly  in  July, 
August,  and  September. 

The  question  as  to  how  long  an  interval  elapses  between  casting  and 
the  complete  hardening  of  the  new  shell  is  of  considerable  importance. 
As  has  been  mentioned,  the  legal  test  of  hardness  is  the  impossibility  of 
pushing  the  thumb  through  the  shell.  There  is,  so  far  as  I  am  aware, 
only  one  lecorded  case  of  a  crab  which  had  been  kept  in  confinement 
from  the  moment  of  casting  until  it  was  completely  hard.  This  cmb, 
which  Meekt  mentions,  cast  on  August  12th,  and  was  found  at  the  end 
of  December  to  be  hard;  "  thus  four  to  five  months  are  necessary  for 
the  hardening  process."  This  specimen  was  kept  in  a  **hullie  "  by  Mr. 
Douglas,  Beadnell.  While  it  is  very  probable  indeed  that  confinement 
will  retard  the  process,  still,  from  a  certain  amount  of  indirect  evidence 
which  is  supplied  through  the  lal)elling  experiments  at  Dunbar,  the 
above-mentioned  interval  would  appear  to  be  not  very  much  in  excess 
of  the  period  required  by  some  of  the  crabs  at  least.  The  Dunbar 
labelling  experiments  were  carried  out  in  the  fii*st  instance  with  a  view 
to  testing  the  summer  and  autumn  migrations  of  the  crab.  For  this 
purpose  a  large  number  of  soft  crabs  —  999  in  all — were  labelled  and  set 
free  in  the  months  of  July,  August,  September,  October,  November,  and 
December ;  of  these,  about  1 1  per  cent,  were  recovered  after  various 
intervals  of  freedom.  On  recapture,  the  condition  of  the  shell  of  the 
crab,  in  addition  to  other  characters,  was  carefully  noted.  In  Tables  X. 
and  XI.,  the  particulars  referring  to  the  condition  when  set  free,  the 
int-erval  of  freedom,  the  condition  on  recapture  of  each  crab,  are  given  in 
detail.  In  some  cases  also  the  sex  and  size  of  the  crab  are  recoi-ded.  The 
crabs],of  each  lot,  although  designated  soft,  were  not  all  in  the  same  stage 
of  hardening ;  in  other  words,  they  had  not  cast  their  shells  at  the  same 
time.  While  some  of  them  were  so  soft  and  clean  that  they  had 
doubtless  cast  within  the  previous  few  days,  the  shells  of  others  had 
already  undergone  a  considerable  amount  of  calcification.  Thus  it 
happens  that  certain  of  the  crabs  were  found  to  have  become  quite  haid 
after  an  interval  of  60  days  (in  one  case  after  only  38  days),  while  six 
others  were  found  to  be  still  soft  at  the  end  of  74,  82,  83,  83,  94,  and 
100  days  of  freedom  respectively.  The  latter  cmbs,  while  they  were 
almost  completely  hard  and  would  possibly  have  jiassed  as  marketable, 
could  still  have  been  broken  over  the  gill  cavity.  In  testing  a  crab  of 
this  stage,  there  is  a  considerable  risk  of  lacerating  the  thumb  on  the 
sharp  edges  of  the  broken  shell.  The  following  Table  shows  the  month 
in  which  the  soft  crabs  were  labelled,  the  time  of  freedom,  and  their 
condition  when  recaptured.  The  crab  when  it  has  almost  completely 
recovered  its  hard  condition  is  marked  H,  while  the  soft  crab  is 
represented  by  S,  and  the  legally-hard  crab  by  H. 

♦  Op.  cit, 

t  Op.  cit.t  p.  12. 

X  Northumberland  Sea  Fisheries  Committee,  1898,  **  Report  on  the  Trawling  Exci 
siont,"  Newcaatle-on-Tyne,  1898,  p.  28. 
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Month 

when  Set 

Free. 

Condition 
of  Shell  on 
Recaptxire. 

1 

Intervals  of  Freedom — Days.                        | 

July. 

S 

H 

H 

34. 
86,  103. 

August. 

S 

H 

H 

S 
u 
H 

24,  26,  42,  49. 

54,  54,  60,  82,  83. 

59,66,70,  113,  119,  119,  129. 

September. 
October. 

2,  2,  2,  2,  2,  3,  3,  5,  6,  11,  14,  16,  19,  21,  24. 
23,  28,  31,  31,  33,  49,  54,  94. 
38,52,59,  92,  115. 

S 

H 

H 

9,  16,  18,  20,  20,  22,  25,  29,  32,  52. 
24,  37,  47,  83.  lOl*,  103. 
61,  80,  103,  128,  177. 

November. 

S 

H 

H 

9,  9,  11,11,  12,  14,  18, 24, 26, 26,  27,  40,  40, 41,  42,  52. 

54,  63,  68,  74. 

97,  165,  165,  165,  184. 

December. 

S 

H 

H 

10,  11,  30,  30. 
16,  56. 

■  •  • 

*  The  crab  here  referred  to  was  captured  after  an  interral  of  86  da>'B;   after  15  days  in  confine- 
ment, it  was  still  not  quite  hard  enough  for  market 

The  crab  which  was  not  completely  hard  after  101  days  was  set  free 
in  October.  All  these  crabs  had  been  caught  in  the  creels.  We  do  not 
know  how  soon  after  casting  a  crab  leaves  its  retreat  in  search  of  food ; 
but  the  primary  calcification,  which  renders  it  capable  of  defending  itself, 
appears  to  ensue  within  a  few  days.  While,  then,  the  facts  supplied  by 
the  labeUing  experiment  do  not  entitle  us  to  fix  the  Hmits  of  the  period 
of  hardening,  we  have  at  least  evidence  of  the  time  a  crab  may  remain 
soft,  viz.  90  to  100  days.  Since  it  is  not  improbable  that  the  shell  had 
been  about  a  week  old  when  the  crab  was  taken  first  of  all,  and  since 
another  week  would  doubtless  at  least  be  required  for  complete  harden- 
ing, we  get  a  period  of  115  days,  which  is  practically  four  months.  The 
conclusion,  then,  to  be  drawn  from  these  data  is  that  a  crab  which  is 
soft  in  October  may  require  four  months  before  it  is  legally  hard.  We 
are  unable  to  judge  how  far  the  season  of  the  year  in  which  casting 
takes  place  operates  in  aiding  or  retarding  the  process  of  hardening. 
One  thing  is  certain,  that  the  rapidity  of  recovery  must  be  dependent 
on  the  amount  of  food  which  the  crab  secures,  and,  as  this  necessarily 
varies  with  the  individual,  there  is  reason  to  suppose  that  the  length  of 
the  period  of  softness  is  subject  to  considerable  variation.  Although 
the  evidence  is  very  incomplete,  I  am  of  opinion  that  a  crab  which  casts 
in  July  will  recover  its  hardness  in  a  shorter  time  than  the  crab  which 
casts  in  September. 

In  the  case  of  the  lobstei-  Herrick*  considers  that  six  to  eight  weeks 
are  necessary  for  hardening  to  the  condition  of  the  old  shell.     Princet 

*  Op.  of.,  p.  95. 

\Op,eii.,  p.  10, 
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says  that  "a  lobster  is  not  completely  liard  for  seven  or  eight  weeks 
after  moulting/'  A  lobster  which  cast  its  shell  in  the  tanks  at  Culler- 
coats  Laboratory  during  the  night  17th- 18th  August  "  was  found  "  by 
Meek*  "to  be  apparently  quite  hard  on  26th  August;  so  that  the 
liardening  appears  to  be  a  relatively  quick  process  in  the  lobster."  One 
of  the  lobsters  confined  in  a  floating  box  by  Cunningham t  cast  on 
November  23rd,  and  was  found  to  be  hard  on  February  9th. 

Frequency  of  Casting, 

In  its  earliest  stages  there  is  reason,  from  the  analogous  case  of  the 
lobster,  for  believing  that  the  young  crab  moults  more  than  once  a  year, 
but  in  the  stage  immediately  preceding  the  adult  condition,  from  3  to  4 
inches  in  breadth,  it  probably  casts  only  once  a  year.  The  shells  of 
these  crabs  are  on  the  whole  clean,  and  have  few  ectozoa  attached  to 
them.  Tlie  latter  are  always  small;  the  commonest  being  Serptda, 
Spirorbisj  and  Anomia.  Certain  of  these  crabs,  which  have  been  referred 
to  above  (p.  84),  and  which  gave  evidence  of  not  having  cast  during  the 
preceding  year,  were  found  to  be  apparently  in  a  diseased  condition. 
It  is  very  probable,  indeed,  that  the  great  majority  do  cast  once  a  year. 
A  considerable  number  (525)  of  crabs  measuring  3  to  4^  inches  were 
labelled  and  set  free  in  December,  January,  February,  March,  April, 
May,  June,  and  July,  and  of  these  very  few  were  recovered.  This  may  in 
a  great  measure  be  due  to  the  fact  that,  owing  to  their  annual 
shedding,  they  got  rid  of  the  labels  in  summer.  Of  the  16  which  were 
recaptuTBd,  two  were  obtained  in  July,  one  in  August,  and  one  in  Septem- 
ber. None  were  obtained  later  in  the  year  than  September,  that  is  to 
say  after  the  casting  period.  The  crab  captured  in  August,  although  it 
was  hard  when  set  free,  was  then  brittle  and  was  evidently  preparing 
to  cast. 

The  mature  crabs  above  4^  inches  in  breadth,  there  is  abundant 
evidence  to  show,  do  not  cast  every  year.  Certain  female  crabs 
measuring  from  4^  to  5|  inches  which  are  unfertilised  may,  however, 
do  so.  'Hie  shells  of  the  adults  are  found  covered  with  a  varied 
collection  of  ectozoa — viz.,  Balanus,  Serpuiay  Anomia,  Membranipora, 
zoophytes.  I  have  also  on  two  occasions  found,  in  cases  of  injury  to 
the  gOl  chamber,  mussels  and  Saxicava  attached  to  the  gills.  I^rge 
oysters  have  been  found  attached  to  the  backs  of  crabs.  The  size  of 
these  molluscs  in  certain  cases  proves  that  the  crabs,  their  hosts,  had 
not  cast  for  three  and  four  years.  Buckland  t  mentions  two  large 
crabs,  a  male  6|  and  a  female  7f  inches,  which  had  on  their  backs 
ovsters  3  inches  across.  The  crabs  could  not  have  cast  for  three 
years.  In  the  Fish  Trades  Gazette  for  December  9th,  1899,  a  crab 
was  recorded  upon  which  was  fastened  a  four-year-old  oyster.  It  is 
now  in  Ipswich  Museum.  While  from  the  fact  that  the  female  crab 
usually  carries  two  lots  of  eggs  in  successive  years  we  know  that  the 
female  does  not  probably  cast  oftener  than  once  in  two  years,  we  have 
here  collateral  evidence  indicating  even  a  longer  abstention  from  casting. 
From  an  examination  of  the  labelled  crabs  which  were  put  away  when 
soft,  it  is  seen  that  certain  of  the  ectozoa,  zoophytes  especially,  attach 
themselves  to  the  crab  earlier  in  the  year  than  October.  All  the  soft 
crabs  which  had  been  set  free  up  to  and  including  the  month  of  Septem- 
ber, when  recaptured  had  large  growths  of  zoophytes,  and  also  showed 
Anomia  and  Serpula ;  whereas  the  soft  crabs  of  October  were  almost 

*  Op,  cii.,  p.  54. 
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devoid  of  ectozoa ;  occasionally  a  small  zoophyte  was  discovered.  One 
crab  which  was  soft  in  November  was  found  in  the  following  May 
to  have  on  its  dorsum  an  Anomia  ^-inch  (6 •5mm.)  across,  and  a  Serpula 
}-inch  (11mm.)  long. 

The  labelling  experiments  afford  some  evidence  with  regard  to  the 
frequency  of  casting  of  the  mature  male.  Thirty -five  large  hard 
crabs  (male  and  female)  were  labelled  in  June  and  July  1899.  They  were^ 
»et  free  at  the  mouth  of  the  harbour,  Dunbar.  Of  the  June  specimens, " 
four  males  were  recovered — viz.,  one  in  July,  close  to  the  harbour ;  one  in 
September,  2  miles  N.E.  from  Dunbar  in  22  fathoms  ;  two  in  October, 
2  miles  N.E.,  22  fathoms,  and  1  j  miles  E.  by  S.,  18  fathoms,  respectively. 
One  of  the  July  lot,  a  male,  was  got  in  December  3  miles  N.E. 
of  Dunbar.  These  crabs  then  shew  that  the  large  male  crabs  also 
do  not  cast  oftener  than  once  in  two  years.  As  a  rule,  the  shell  of  the 
old  female  crab  is  much  more  dirty  than  that  of  the  male.  The  white  parts 
of  the  shell  of  the  male  turn  a  deep  amber  colour,  but  it  remains  on  the 
whole  very  free  from  mud.  The  female,  however,  probably  from  its 
habit,  when  carrying  eggs,  of  lying  half -buried  in  the  mud,  becomes 
very  dirty,  the  hairs  on  the  epimera,  the  fringes  of  the  abdomen,  and 
the  exopodites  of  the  swimmerets  being  often  quite  black. 

Increase  in  Size  on  Casing, 

So  far  the  law  of  growth  of  the  crab  has  not  been  investigated,  and 
for  the  determination  of  the  increase  which  takes  place  at  certain  sizes 
we  are  dependent  on  a  few  recorded  cases.  These  are  set  out  in  the 
following  Table : — 


Original 
Size  in 
Inches. 

Size  of 
Soft  Crab. 

Increase. 
Inch. 

Ratio  of 
Increase. 

Authority. 

1 

2 
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Buckland. 

8 
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:^7 
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St  Andrews. 
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Wilson. 
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Meek. 
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J.  Couch. 
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Cunningham. 
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In  the  majority  of  cases  the  ratio  of  increase  is  1  to  |  of  the  original 
size.  In  Nos.  3  and  4  the  ratios  were  ^  and  j^.  These  crabs  were,  how- 
ever, measured  immediately  on  casting,  and  while  the  skin  was  still  pliable 
and  putty-like.  In  the  cases  of  Nos.  1  and  2  the  shell  had  hardened  suffici- 
ently to  be  quite  firm  and  resistant  at  the  time  it  was  measured.  From 
the  published  descriptions  of  the  remaining  ci-abs,  with  the  exception 
of  Couch's  specimens,  I  gather  that  they  wei-e  measured  some  time 
after  casting,  when  the  shell  had  hardened  more  or  less.  Herrick* 
found,  in  the  lobster  which  he  observed  cast  its  shell,  that  the  size  shortly 
after  the  moult  was  1 2  inches,  while  four  days  afterwards  it  measured 
a  little  short  of  12^^  inches.  So  far,  then,  it  seems  probable  that  the 
increase  in  size  after  casting  takes  place  not  merely  immediately  after 
the  escape  from  the  shell,  but  also  dunng  hardening.  Until  further 
observations  have  been  made  upon  this  point,  the  average  ratio  cannot 
be  known.  This  question  has  a  direct  and  important  bearing  upon  the 
rate  of  gi*owth  of  the  ci'ab.  While,  without  doubt,  considerable  varia- 
tion will  be  found  in  the  increase,  the  cases  given  in  the  above  Table, 
with  four  exceptions,  point  to  the  ratio  of  increase  being  about  J  to  ^  of 
the  onginal  size. 

Regeneration  of  Limbs — Repair  of  Injuries. 

One  of    the  features  of  the  life -history  of  crustaceans  which  has 
attracted  much  attention  is  the  renewal  of  limbs  which  have  been  acci- 
dentally lost.     This  process  is  intimately  associated  with  the  activity  of 
the  dennis,  which  results  in  the  renewal  of  the  whole  skeleton  when  it 
has  been  discai*ded  on  casting.     From  evidence  afforded  by  the  examin- 
ation of  the  small  edible  crabs,  which  are  found  between  tide-marks,  I 
am  led  to  the  conclusion  that  the  regeneration  of  the  appendages  only 
takes  pLice  when  the  citib  is  preparing  to  cast.    This  view,  although  not 
expressly  stated,  is  more  or  less  borne  out  by  previous  investigators  ;  it 
is  in  paiii  suggested  in  the  case  of  the  larval  lobster  by  Heriick.     Thus, 
Reaumurt  said  thfit  the  new  limbs  of  the  ci*ayfish  "  grow  more  or  less 
rapidly,  like  plants,  Jiccording  as  the  season  is  more  or  less  favourable  ; 
the  warmer  days  are  those  which  hasten  the  more  their  formation  and 
growth.     Sometimes  new  legs  sprout  out  in  three  weeks,  sometimes 
not  till  after  six  ;  and  when  the  legs  are  broken  off  in  winter,  they  do 
not  grow  again  till  summer."     (Jhantiunj  found  in  the  crayfish  that 
"  in  the  first  year  of  life  70  days  are  necessary  for  the  regeneration  of 
new  limbs.     The  adult  female  requires  three  to  four  years,  the  male 
one  and  a  half  to  two  years,  to  repair  its  limbs ;  and  we  are  told  that 
the  adult  male  moults  twice  and  the  female  but  once  a  year.''     .     .     . 
"  The  eyes  of  the  crayfish  when  cut  off  in  October,  at  the  end  of  the 
season  of  moulting,  are  not  regenerated  until  the  following  May,  when 
a  series  of  moults  begin."     HerrickJ  says  that  in  tlie  4th  and  5th  larval 
stages  of  the  lobster— "at  the  moment  the  limb  is  broken  off  blood 
immediately  oozes  out  and  coagulates,  forming  a  dense  crust  over  the 
stump.     In  a  short  time  a  small  white  papilla,  which  represents  the 
rudiment  of  the  new  limb,  appears  in  the  midst  of  the  brown  hardened 
clot.     The  papilla  continues  to  gi-ow  independently  of  the  moulting 
process,  though  covered  with  a  cuticular  membrane,  until  a  miniature 
appendage   is   formed."      "  The  time    i-equired  for  the  renewal   of  a 
limb  thus    depends  upon    the  time  at  which  an  injury  occurs   with 
reference  to  the  moult,  and  also  upon  the  physiological  condition  of  the' 
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animal.  If  the  tips  of  the  large  chelipeds  are  clipped  off,  autotomy  does 
not  always  or  usually  occur,  and  the  limb  is  completely  repaired  after 
one  moult."  Couch*  in  this  connection  said — "I  am  led  to  believe 
that  when  a  limb  has  been  lost  at  some  moderate  time  previous  to 
exuviation,  the  restoration  is  much  more  rapid  and  perfect  at  the  next 
succeeding  time  of  the  process  than  if  left  to  the  more  ordinary  pro- 
ceeding of  nature." 

The  crab  can  throw  off  an  injured  limb,  or  it  may  when  seized  by  a 
foe,  in  order  to  escape — purchase  freedom  at  the  voluntary  expense  of  a 
limb.  It  is  then  severed  at  what  is  known  as  the  fracture-plane,  which 
is  marked  externally  by  a  suture,  extending  round  the  second  or 
basi-ischiopodite  joint.  Within  the  segment  there  are  at  this  point  two 
closely-applied  diaphragms  which,  except  for  a  small  foramen,  shut  off 
the  short  proximal  from  the  longer  distal  part  of  the  limb.  The 
foramen  piercing  the  two  diaphragms  gives  passage  to  the  nerves  and 
vessels  that  supply  the  appendage.t  (Plate  I.,  Fig.  7.)  The  fracture 
takes  place  between  the  two  septa,  the  proximal  diaphragm  remaining 
as  a  covering  to  the  broken  second  joint,  the  other  going  with  the  cast- 
off  limb.  The  foramen  is  immediately  closed  with  a  small  clot  of  blood. 
The  edge  of  the  shell  and  the  diaphi-agm  soon  turn  black ;  a  new  skin 
develops  within,  and  the  outer  black  layer,  which  is  now  dead  tissue,  is 
gradually  rubbed  off,  exposing  the  new  skin.  Within  this  skin,  when 
the  crab  is  preparing  to  cast,  a  new  limb  is  formed,  and,  as  it  grows, 
bulges  the  external  covering  out  in  the  form  of  a  bud.  The  scars  which 
mark  the  lost  limbs  are  found  in  many  different  stages — (1)  Immedi- 
ately the  limb  is  lost  the  scar  is  white  ;  (2)  then  the  outer  skin  (the 
diaphragm)  dies  and  becomes  black — this  is  accompanied  by  the  forma- 
tion of  a  new  skin  beneath  it ;  (3)  the  black  dead  tissue  is  rubbed  off 
through  time,  or  on  the  bulging  out  consequent  on  the  formation  of 
the  bud ;  (4)  the  live  skin,  when  exposed  by  the  removal  of  the  dead 
tissue,  becomes  brown.  The  formation  of  a  bud  soon  after  the  limb  is 
lost,  and  while  the  dead  tissue  still  covers  the  scar,  is  dependent  on  the 
nearness  of  the  casting  period. 

These  conclusions  are  founded  upon  the  observations  made  upon  the 
beach  crabs  during  each  month  for  a  year.  Buds  of  new  limbs  were 
noticed  mainly  during  the  casting  period — viz.,  June  (4  individuals), 
July  (21  individuals),  August  (10  individuals),  and  September  (3 
individuals).  In  the  case  of  very  small  crabs,  less  than  1  inch  across, 
the  papilla  which  is  the  rudiment  of  the  new  limb  has  been  observed 
in  September,  October,  December,  January,  and  February ;  while  buds 
have  been  noticed  in  November,  December,  February,  March,  May,  and 
July.  Two  crabs  measuring  3  inches  and  1|  inches  respectively  shewed 
in  December  and  January  small  papillse  on  the  scars  of  lost  limbs. 
The  crabs  under  1  inch  in  breadth  doubtless  cast  more  than  once 
in  the  year.  The  only  crab  which  was  found  soft  on  the  beach 
in  February  was  one  measuiing  jj-  inch.  It  had  just  cast.  I  have 
no  data  bearing  upon  the  time  required  for  the  formation  of  the 
new  limb,  but  it  appears  that  only  in  the  case  of  a  limb  lost 
some  considerable  time  before  casting  will  regeneration  be  com- 
pleted at  that  time.  Thus,  a  crab  measuring  If  inches  across  cast 
in  a  tank  at  Dunbar  in  September.  Two  of  its  limbs  were  missing, 
and  a  third  was  injured.  The  dactylopodite  of  one  biting  claw  had  been 
broken  off,  and  the  injury  was  covered  by  a  black  scar.  The  soft  crab 
was  without  three  limbs,  and  had  both  chelae  perfect.     Two  soft  crabs 
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obtained  in  August  showed  small  buds  of  new  limbs.  These  had  been 
evidently  present  when  casting  took  place.  The  loss  of  the  limbs  had 
in  these  cases  occurred  too  soon  before  casting  to  enable  the  new  limb 
to  be  completely  formed. 

In  adult  crabs  also,  which,  from  their  dii-ty  condition,  could  not  have 
cast  for  two  or  three  years,  the  brown  scar  on  the  second  joint  has  been 
found  to  be  covered  with  large  barnacles,  Anomia,  and  zoophytes,  which 
clearly  indicated  that  the  renewal  of  the  limb  was  not  a  process  which 
was  inaugui-ated  immediately  on  the  injury  being  sustained. 

A  crab  does  not  always  throw  off  an  injured  limb.  Many  crabs  are 
found  which  have  lost  the  last  joint  of  a  limb,  viz.  the  dactylopodite. 
In  these  cases  a  black  scar  covers  the  place  of  injury.  Sometimes  the 
muscle  is  shrunk  away  from  the  shell,  leaving  it  to  project  in  front  of 
the  black  scar.  This  not  unfrequently  happens  in  cases  of  injury  to  the 
last  joint  of  the  biting  claw.  A  soft  crab  showed  a  rather  unusual 
condition.  A  limb  had  been  broken  off  near,  but  not  at,  the  fracture 
plane.  The  shell  had  grown  inwards  over  the  scar,  reducing  the  aperture 
very  much.  A  female  in  one  of  the  tanks  at  Dunbar  had  received 
an  injury  to  one  of  the  walking  limbs ;  it  had  been  broken  off  about 
the  middle  of  the  fifth  joint,  the  propodite.  The  muscle  was  decay- 
ing ;  there  was  no  appearance  of  a  scar.  Even  in  this  case  the  crab 
had  not  got  rid  of  the  injured  member. 

As  to  the  repair  of  injuries  to  the  carapace,  this  seems  to  be  depend- 
ent on  the  activity  of  the  chitinogenous  epithelium,  and  only  occurs  at 
the  time  of  casting  or  while  the  crab  is  still  soft.  When  the  fishermen 
are  testing  the  soft  crabs  in  autumn  they  are  more  than  likely  to  push 
the  thumb  through  the  shell.  The  crab  is  then  often  thrown  into  the 
water,  and  numerous  examples  of  the  repair  of  the  injury  have  come 
under  my  notice.  It  is  not  at  all  difficult  to  get  during  the  winter,  in 
the  catches  of  the  fishermen,  some  of  the  crabs  which  had  been  thus 
treated.  Some  of  these  show  a  complete,  and  others  a  pai-tial  repair  of 
the  shell.  Old -looking  ci-abs  are  fi-om  time  to  time  captured  which 
show  more  or  less  severe  injuries  to  the  carapace.  In  these  the  parta 
where  the  flesh  has  been  exposed  are  covered  simply  by  a  soft  black 
scar,  beneath  which  a  thin  live  skin  is  found.  It  is  therefore  apparent 
that  the  renewal  of  the  shell  over  the  injured  part  does  not  take  place 
during  the  whole  interval  between  two  castings,  but  only  during  the 
time  the  dermis  is  active  in  thickening  the  shell,  a  period  of,  on  the 
average,  four  months  probably.  Again,  the  chance  of  repair  to  the 
injiuy  will  be  the  greater  the  sooner  it  occurs  after  casting.  Even  on 
casting  the  old  injuries  are  not  always  completely  repaired.  The 
injured  area  may,  in  the  soft  crab,  be  of  less  extent,  but  cases  have 
been  noticed  where  soft  crabs  showed  injuries  which  had  evidently  been 
present  before  casting.  In  such  cases  it  has  probably  happened  that 
the  chitinogenous  epithelium  had  at  that  part  been  destroyed,  and  at 
the  time  of  casting  it  had  not  been  completely  renewed  by  the  ingrowth 
of  the  epithelium  surroimding  it. 

The  regeneration  of  the  limbs  only  takes  place  when  the  crab  is 
preparing  to  cast.  The  repair  of  injuries  to  the  cai'ap3u;e  only  takea 
place  at  the  same  period,  or  during  the  time  the  crab  is  soft.  The 
presence  of  buds  of  new  limbs  may  be  regarded  as  an  indication  that  it 
is  about  to  cast. 

In  the  case  of  adult  citibs  the  new  limb  cannot  re^ach  the  size  of  the 
other  limbs  until  after  at  least  two  moults.  Crabs  which  have  diminu- 
tive chelae  are  not  uncommon. 

Rate  of  Growth  and  Distribution. 

With  the  view  of  arriving  at  some  determination  of  the  rate  of  grovrth 
of  the  crab,  the  method  which  has  been  used  by  Petersen  in  connection 
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with  the  rate  of  growth  of  the  plaice  has  been  applied  to  a  considerable 
number  of  crab  measurements.  The  method  consists  in  regarding  the 
peaks  which  appear  in  the  curve  plotted  from  the  measurements  of  a 
large  number  of  individuals  as  marking  the  modal  size,  at  intei-vals  of 
one  year.  If,  then,  in  a  curve  made  from  the  measurements  of  crabs, 
distinct  peaks  were  found,  we  should  probably  be  entitled  to  look  upon 
such  intervals  as  approximately  representing  the  average  inci-ease  in  the 
size  of  the  crab  following  casting.  The  increase  in  size  varies  with  the 
size  o\  the  crab.  All  the  ci*abs  have  been  measured  across  the  greatest 
breadth  of  the  carapace.  Ci-abs  were  got  from  two  sources — (1)  2336 
crabs  (1153  males  and  1183  females)  collected  between  tide-mai-ks  on 
the  b43ach ;  (2)  3029  crabs  (1507  males  and  1522  females)  caught  in  the 
creels  of  the  fishermen.  The  beach  crabs  *  were  measured  in  centimetres 
(Table  VIII),  and  the  curves  plotted  from  the  measurements  ai-e  to  be 
found  on  Plate  II.  The  curve  for  the  males  is  black ;  that  for  the  females 
red.  It  is  at  once  seen  that  the  curves  of  the  two  sexes,  although  each 
very  irregular,  follow  one  another  closely.  The  irregularity  of  the 
curves  indicates  great  vaiiation  in  growth.  Between  t he  sizes  1  Tcm.  and 
7cm.,  male  and  female  crabs  were  found  at  every  half -millimetre,  except 
in  the  following  Ciises.  Females  were  not  obtained  at  the  following 
sizes — 1*85,  6-45,  605,  6*25cm.,  and  males  were  not  observed  at  5*55, 
5*95,  6*05,  and  6*65cm.  Since  the  crab  does  not  increase  in  size 
gradually,  but  by  leaps,  the  iiregularity  in  growth  ii-  by  the  preceding 
facts  rendered  very  apparent.  Until  the  rate  of  increase  in  size  at  each 
moult  is  detennined,  it  is  not  possible  to  interpret  cuives  such  as  we  have 
in  the  present  case.  The  curves  of  the  crtel  crabs  (Plate  III.)  also  show 
great  variation  in  growth.  These  crabs  wei'e  measured  in  eighths  of  an 
inch ;  their  curves  are  shown  as  dotted  black  and  led  lines.  In  order 
to  admit  of  a  comparison  between  the  beach  and  creel  crabs,  the  curves 
of  the  former  have  been  converted  to  a  one-eighth-inch  basis,  and  are 
shown  alongside  the  curves  of  the  adult  crabs.  On  reference  to  the 
former  curves  it  is  seen  that  the  great  majority  of  the  beach  crabs  are 
between  gin.  and  2|in.  in  breadth.  There  are  very  few  crabs  below 
gin.  We,  however,  know  that  they  must  exist  in  even  greater  numbers 
than  the  larger  crabs,  and  the  reason  for  their  non-appearance  in  the 
lists  is  probably  simply  their  absence  from  that  region.  It  is  no  doubt 
the  case  tliat  these  small  ci'abs  are  more  likely  to  be  overlooked  during 
their  collection  on  the  beach,  but  a  crab  of  even  half-an-inch  in  bi-eadth 
ijs  by  no  means  inconspicuous.  I  am  of  the  opinion  that  the  majority 
of  the  crabs  in  the  stages  less  than  gin.  do  not  make  the  beach  their 
habitat.  The  beach  crabs  were  almost  without  exception  found 
beneath  stones  which  were  left  dry  by  the  ebb ;  they  were  usually 
buried  as  deep  as  the  edge  of  the  carapace  in  a  mixture  of  mud  and 
sand.  Very  rarely  were  any  found  where  the  bottom  consisted  of 
rough  gravel,  into  which  they  could  not  buri-ow.  A  look-out  was  kept 
specially  for  the  very  small  crabs,  and  the  non-success  in  finding  them 
is  no  doubt  due  to  the  fact  that  they  do  not  couie  within  tide-marks. 
While  we  may  occasionally  get  there  crabs  about  Sin.  across,  still  from 
gin.  to  2^in.  may  be  taken  as  the  description  of  the  beach  group.  With 
regard  to  the  creel  ci'abs,  the  measurements  of  which  are  detailed  in 
Table  IX.,  it  is  seen  from  the  curves  that  very  few  measure  less  than 
4in.  across.  The  dates  of  the  ten  catches  which  were  measured  are 
— December  20,  1897;  January  28,  February  25,  March  31,  May  3, 
May  27,  November  5,  1898  ;  June  3,  July  12,  August  4,  1899.  Of  the 
3029  crabs,  2887,  that  is  95  per  cent.,  are  above  4in.  in  breadth.  The 
smallest  ci'abs  in  the  catches  are  two  measuring  respectively  2|in.  and  3in. 

*  For  the  dates  of  collection  see  Table  IV.,  p.  101. 
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They  were  caught  on  July  1 2,  when  the  creels  were  shot  close  inshore 
near  low-water  mark,  llie  next  smallest,  viz.  two  at  3|in.  and  3§in. 
respectively,  were  caught  in  November  in  24  fathoms.  'J  ho  fishermen 
agree  in  saying  that  they  never  get  any  ci'abs  smaller  than  Sin.  across 
offshore ;  but  that  such  crabs  are  often  seen  when  the  creels  are 
shot  in  summer  near  low-water  mark.  Tliey  are,  however,  able  to 
escape  through  the  meshes  of  the  net  covering  the  creel.  These  crabs 
may  be  seen  in  the  jwols  at  the  edge  of  the  tide  dunng  big  ebbs.  The 
curves  of  the  beach  and  creel  crabs  only  overlap  very  slightly  ;  in  fact 
they  may  be  said  to  be  quite  distinct.  Now,  it  is  impossible  that  the 
crabs  in  the  beach  group  could  by  one  casting  enter  the  creel  group  of 
crabs.  There  is  a  very  large  gap  between  the  two,  which  must  be  filled 
by  another  group  of  crabs  which  is  not  represented,  except  by  one  or 
two  examples.  This  group  is  to  be  found  neither  on  the  beiich  nor  in 
the  creels,  except  when  they  are  shot  close  inshore.  There  is  every 
probability  that  these  crabs,  which  may  for  convenience  be  labelled 
the  2|  to  4  inches  group,  will  be  found  just  outside  low-water  mark, 
and  this  is  rendered  the  more  probable  since  cei-tiiin  members  of  the 
group  appear  among  the  beach  crabs  and  occ^isionally  with  the  creel 
ciubs.  They  are  littoial,  but  they  do  not  appear  to  allow  themselves  to 
be  left  dry  at  low  water.  In  the  Report  of  the  Ci-ab  and  Lobster 
Commission,  Mr  Roach,  a  witness,  sivid  he  has  been  to  a  place  l>ehind 
the  breakwater  (Plymouth)  every  year,  and  caught  small  cmbs,  but  no 
large  ones ;  therefore  concludes  tliat  the  small  crabs  are  a  distinct 
species  :  he  thinks  the  place  a  nursery  for  them  "  (p.  56).  To  complete 
the  cycle,  then,  there  are  two  groups  wanting — viz..  Group  I.  from  the 
Meyalopa  stage  to  the  crab  of  one  inch  across,  and  Group  III.,  those 
from  2|J  to  4  inches  in  size. 

The  distribution  of  the  crab  may  then  be  tentatively  described  as 
follows: — Group  I.,  the  postlarval  stages  and  earliest  young  stages  up 
to  |-iuch  in  breadth,  which  is  pi^obably  restricted  to  the  shallow  shore 
waters  where  it  was  hatched ;  Group  II.,  the  beach  crabs,  from  J  to 
2|  inches,  which  are  to  be  found  between  tide-marks,  usually  left 
dry  by  the  ebb;  Groups  III.,  the  crabs  from  2 J  to  4  inches,  which 
appear  to  be  confined  to  the  littoral  waters  just  outside  low- water 
mark;  Group  IV.,  crabs  of  4  inches  and  upwards,  which  may  be  termed 
the  mature  group,  and  whicli  are  to  be  found  in  winter  offshore  beyond 
the  twenty  fathom  line,  and  in  spring  and  summer  in  the  inshore  watei-s 
sometimes  even  within  tide-marks.  The  sizes  which  have  been  given 
to  the  groups  are  only  intended  as  approximate.  It  is  very  unlikely 
that  the  various  gi'oups  are  sejmrated  sharply. 

As  to  the  age  at  which  a  crab  becomes  matui-e,  I  can  furnish  no  data. 
That  can  only  l>e  determined  when  it  is  known  how  often  a  crab  casts 
before  it  an*ives  at  a  size  of  4  inches,  and  also  how  often  the  young 
ci-abs  may  cast  each  year.  These  facts,  and  the  rate  of  increase  at  each 
cjist,  remain  to  be  discoveied. 

The  irregularity  in  the  rate  of  growth  may  be  due  to  two  factors — 
(1)  a  difference  in  size  between  individuals  in  the  same  larval  stages, 
which  difference  would  be  perpetuated,  and  probably  increased,  with 
each  moult ;  and  (2)  the  possibility  of  more  frequent  casting  in  the 
case  of  certain  individuals  during  the  early  stages.  The  moulting 
is  prolxibly  directly  due  to  the  supply  of  food,  and  this  is  no  doubt 
subject  to  considei'able  variation  in  the  case  of  different  individuals. 

A  general  description  of  the  life-histoiy  of  the  ci^b  may  be  here  pro- 
posed. It  i-ests  directly  on  the  conclusions  come  to  above  with  regard 
to  Groups  I.  and  III.,  and  remains  or  falls  with  the  future  proof  of  their 
reliability  or  eri'or.     The  cmb  hatched  in  the  inshore  waters,  when  it 
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reaches  a  size  of  about  one  inch,  passes  into  the  beach-group  ;  when  it 
has  grown  to  a  size  of  2^  inches  it  leaves  the  beach  for  the  littoral 
waters  just  beyond  low-water  mark,  stony  or  rocky  ground ;  on  arriving 
at  a  size  of  4  incites  it  joins  the  mature  group  and  takes  part  in 
the  great  seasonal  migrations.  In  support  of  the  probability  that 
the  crabs  of  different  sizes  are  restricted  to  more  or  less  fixed  habitats, 
one  has  only  to  consider  that,  except  for  this  distribution,  the  crab 
occupies  the  same  position  in  the  economy  of  the  sea  during  its  whole 
life.  It  is  a  bottom -feeder,  and  it  is  appai-ent  that  the  small  crabs 
would  be  extremely  liable  to  become  the  prey  of  their  larger  brethren 
if  they  occupied  the  same  habitat.  And  from  the  fact  that  the  crabs  of 
Groups  I.  and  III.  are  to  be  occasionally  found  with  Group  II.  on  the 
beach,  it  is  very  probable  that  the  habitats  of  the  three  groups  are  con- 
•tiguous.     The  mature  Group  IV.  gives  rise  to  the  crab-fishing. 


[TablbJ. 
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Table   IX. 
M«wurement«  of  Crabs— 70  Oalchea.    Dee.  1897  to  Atig.  1899. 


TiFtiir-H«rt»iidSo(tCi»lj«,{"J^^^  Ij"^)  -         30»Cnilia. 

Thb  of  Crabs. 

That  the  adult  crabs  undertake  definite  seasonal  migratioon — viz., 
in  the  V.i  ^!^^^^  to  the  deeper 

offshore  long  known  ^  During    the 

enqu  Crab  and  of  1876, 

Mr.  lis,  Banff,  exhibited  a  chart  of  the  sea- 

botb  Dff,  and  Whitebills,  showing  that  in  the 

ftutumn   months   the   crabs  are  three  miles  from   land,   and   in  the 
summer  4 

With  migra- 

tions, a  were  free  in 

the  sea  Of  that  number  876  at  the 

month  of  the  harbour ,t  and  691  at  from  j  to  3j  miles  off 

'Report  of  the  crab  and  Lobat«r  Comroinion,  1877,  f.  IS. 

f  The  Cnbi  were  labelled  under  the  Ruperrision  of  the  writer,  or  of  Ur.  Hatuhieon. 
Dtuibar.  Thejr  wars  then  t^eo  to  eea  bj  a  fishennan  who  h&d  ioitnuitloM  whan  to  Nt 
ttwn  tne. 
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shore.  Of  these  crabs,  131,  that  is  8  per  cent.,  have  been  recaptured. 
There  are  certain  circumstances  which  tend  to  lower  the  number  of  the 
crabs  which  may  be  recaptured,  viz.  (1)  the  chance  of  the  label  being 
torn  off;  (2)  the  risk  of  death  following  the  treatment  to  which  the 
crab  is  exposed  while  being  brought  ashore,  labelled,  and  j'eturned  to 
the  water.  The  percentage  of  recovered  crabs  is  very  much  lowered  by 
the  very  few  crabs  recaptured  during  the  first  part  of  the  experiment. 
Of  539  crabs  labelled  from  October  1897  to  April  1898,  only  12  were 
recaptured.  Of  1028  labelled  since  November  1898,  119  have  been 
recovered,  viz.  11*5  per  cent.  The  crabs  were  marked  by  attaching,  by 
means  of  a  silver  wire,  a  nickel  label,  about  ^  to  |  inch  square,  to  a  small 
hole  bored  in  the  edge  of  the  shell,  usually  at  the  seventh  septum  on 
the  left  side.  At  first  small  brass  labels  were  used ;  some  of  those  were 
attached  by  fine  brass  snare  wire  to  the  great  nlaw,  others  were  attached 
in  the  same  manner  as  the  nickel  labels.  Two  only  were  recovered 
with  the  label  tied  to  the  claw.  Nickel  labels  were  alone  used  for  the 
crabs  labelled  from  1  to  1173.  The  number  of  crabs  set  free  at  one 
time,  the  date,  and  the  place  are  given  in  Tables  X.  and  XI.  On  the 
right  side  of  the  Table  the  particulars  regarding  the  recaptured  speci- 
mens, their  condition  when  set  free,  and  when  and  where  recovered, 
the  length  of  the  interval  of  freedom,  etc.,  and  in  a  number  of  cases  the 
sex  and  size  of  the  crab,  are  detailed.  Table  X.  contains  the  crabs  put 
away  at  the  mouth  of  the  harbour ;  Table  XI.,  those  returned  to  the 
sea  at  various  distances  from  shore. 

The  majority  of  the  crabs  used  for  labelling  were  soft  gauge  crabs,  in 
number  999;  568  hard  crabs,  viz.  532  small  crabs  measuring  3|  to  4^, 
and  36  gauge  crabs,  were  also  marked.  The  small  hard  crabs  were 
used  for  labelling  from  January  to  July ;  the  large  hard  crabs  in  June 
and  July ;  the  soft  crabs  from  July  to  December.  Of  nine  batches, 
consisting  of  333  marked  specimens,  no  individual  was  recovered. 
The  date  and  other  particulars  of  these  lots  are  given  in  the  following 
Table. 


Date. 

Number 

of 
Speci- 
mens. 

Descrip- 
tion. 

Mode  of  Attachment 
of  Label. 

Place  where  set  free. 

Oct.  29,  1897, 

52 

Soft, 

Attached  to  great  claw, 

Mouth  of  harbour. 

Nov.    1,     ,, 

51 

a 

»>            »»            >» 

»»             »> 

Dec.    2,     „ 

19 

»» 

»>            >»            >» 

»»             >» 

»»    ^»     »f 

35 

»» 

,,      to  edge  of  shell. 

>i             ft 

»»     »i      >» 

19 

♦u.  Hard'        „            „            „ 

If                        >9 

Feb.  26,  1898, 

22 

»»               >»            »»            »» 

1 

4  miles  N.  of  Dunbar. 

Mar.    1,     „ 

35 

1 
»»               »»            >»            »> 

>>                If 

May  13,  1899, 

50 

»* 

»»             »»            >> 

3  miles  E.  by  N.  of 
Dunbar. 

i>    2o,     ,, 

50 

»» 

»»             >»             », 

Mouth  of  harbour. 

*  Under  gauge  size. 

Very  few  small  hard  crabs  were  recovered,  viz.  16  only  out  of  a  total 
of  532.     This  was  in  some  measure  no  doubt    due  to  the  fact  that  the 
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majority,  if  not  all,  of  the  small  crabs  cast  during  the  summer.  Certain 
soft  crabs  came  under  my  notice  which  had  evidently  been  labelled,  for 
they  showed  a  gap  torn  in  the  edge  of  the  carapace  at  the  pai-t  where 
the  label  was  usually  attached.  None  of  the  small  hard  crabs  were 
recovered  later  in  the  year  than  September,  that  is  to  say  later  than 
the  casting  period  ;  one  was  captured  in  August,  a  second  in  September. 
One  apparent  exception  to  the  statement  is  the  crab  No.  8  in  Table  XI. 
It  had,  however,  been  free  only  fourteen  days  when  it  was  captured  in 
November.  The  probability,  then,  is  that  casting  accounts  partly  for 
the  non-recovery  of  the  small  crabs. 

In  the  Tables,  in  addition  to  the  distance  and  direction  from  Dun- 
bar of  the  place  where  each  labelled  cmb  was  i-etaken,  the  depth  of  the 
water  at  the  spot  is  also  given.  The  fishermen,  although  able  to  give 
only  very  approximate  particulars  of  distance  and  direction,  can  give 
within  small  limits  the  exact  depth  at  which  their  creels  are  fishing. 
The  direction  from  Dunbar  and  the  depth  of  water  are  surer  guides 
to  the  locality  of  capture  than  the  distance  aa  estimated  by  them. 

In  order  to  show  graphically  the  results  of  the  expermients,  the  places 
whei*e  the  crabs  have  been  recovered  have  been  marked  on  a  chart  of 
the  sea  near  Dunbar  (Plate  IV.).  Two  marks,  each  of  two  dififerent  colours, 
are  employed  to  distinguish  the  diflferent  gi*ou^>s  of  crabs.  Thus  the  black 
marks  relate  to  those  crabs  which  were  recaptured  in  the  months  of 
August  to  Februai-y  inclusive;  the  red  colour  designates  the  crabs 
caught  in  the  period  April  to  July  inclusive.  No  crab  was  recaptured 
in  March.  The  little  discs  (red  and  black)  denote  ci'abs  which  were  set 
free  at  the  mouth  of  the  harbour  (Table  A.);  the  crosses  (red  and  black) 
refer  to  crabs  which  were  set  free  at  some  distance  from  Dunbar 
(Table  XI.). 

The  chart,  Plate  IV.,  first  of  all  shows  that  the  labelled  crabs 
caught  from  August  to  February  were,  with  two  exceptions,  all  got 
out  in  18  to  25  fathoms  water,  while  those  caught  in  Apiil  to 
July  were  got  in  an  avei-age  of  8  fathoms.  Of  the  winter  crabs, 
101  in  number,  89  were  found  in  water  of  over  20  fathoms  in 
depth,  ten  in  18  to  19  fathoms,  one  in  17,  and  one  in  16  fathoms. 
The  depth,  then,  for  these  crabs  was  18  to  30  fathoms.  Of  the  27  summer 
specimens,  19  were  found  in  4  to  8  fathoms,  three  in  10,  three 
in  13,  and  one  in  16  fathoms.  The  crabs  recaptured  in  the 
months  August  to  February  will  be  first  discussed.  If  now  we 
consider  the  crabs  set  free  at  the  mouth  of  the  harbour  (Table 
X.),  and  represented  in  the  chart  by  a  disc,  we  see  that  they 
were  mainly  recaptured  between  a  northerly  and  north-easterly  direc- 
tion from  Dunbar ;  and  from  the  fact  that  three  specimens,  Nos.  28, 
29,  and  30,  which  had  been  free  for  two  days  only,  had  travelled  from  the 
harbour  2  miles  and  2|  miles  respectively  in  a  north-easterly  direction, 
it  is  very  probable  that  the  massing  of  these  crabs  just  beyond  the  twenty- 
fathom  line,  and  in  an  area  bearing  N.E.  from  Dunbar,  points  to  the 
crabs  having  gone  out  in  that  direction.  The  crab  which  had  travelled 
farthest,  No.  40,  was  found  6  miles  to  the  north  of  Dunbar  after  59  days. 
While  the  majority,  then,  had  apparently  moved  off  to  deep  water  in  a 
north  to  easterly  direction,  three  had  taken  an  easterly  and  three  an 
east  by  south  course.  The  results  then  point  to  a  definite  direction, 
viz.  N.E.,  taken  by  the  ci'abs  in  going  from  the  shallow  water  at  the 
mouth  of  the  harbour  out  to  the  ground  beyond  the  twenty-fathom  line. 

Most  of  the  crabs  which  were  put  away  at  some  distance  from 
Dunbar  were  set  free  from  1  to  3  miles  in  an  E.  by  N.  direction. 
Two  lots,  numbering  30  and  26  individuals,  were  liberated  at  \^ 
miles  and  2  miles  respectively  east  of  the  harbour,  and  a  third  lot, 
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51  crabs,  about  2  miles  S.  E.  Of  those  set  free  in  an  E.  by  N. 
direction,  32  were  found  to  the  north  'of  the  place  of  liberation, 
that  is  to  say  they  had  moved  along  in  about  the  siime  depth  of  water; 
14  were  to  the  south  of  the  same ;  two  whieli  were  set  free  one  mile 
from  shore  were  got  one  mile  f lU'ther  east ;  while  three,  after  mtervals  of 
freedom  of  24,  26,  and  83  days,  were  found  close  to  where  they  were  put 
away.  The  latter  were  set  free — in  August,  two  crabs,  and  in 
October  one  crab,  out  beyond  the  twenty- fathom  line.  One  crab. 
No.  46,  Table  XI.,  was  found  to  have  travelled  in  54  days  to  a  point 
8  miles  from  the  place  of  liberation.*  Of  the  crabs  captured  from 
April  to  July,  14  had  been  set  free  at  the  mouth  of  the  harbour, 
and  13  offshore.  Of  the  former,  four  were  found  near  the  harbour; 
two  of  these  had  been  liberated  in  December,  the  third  in  April,  and 
the  fourth  in  June.  Foui*  which  wei-e  taken  at  \\  miles  N.W.  (two 
specimens),  2  miles  west  (one  specimen),  and  \\  miles  S.E.  (one 
specimen),  had  been  set  free  in  November.  Two  set  free  in  January  were 
recaptured  1  ^  miles  E.  and  |-mile  E.S.E.  of  Dunbar  respectively.  Nine  of 
the  crabs  set  free  offshore  were  found  in  the  summer  months  to  the  south 
of  the  place  where  they  were  liberated.  No.  6  (Table  XI.)  was,  according 
to  the  report  of  the  fishermen,  got  3  miles  east  by  south,  at  which  place  a 
depth  of  20  fathoms  is  found.  This  was  in  April,  at  which  time,  I  am 
informed,  no  boat  is  fishing  in  water  of  that  depth. 

It  has  several  times  happened  that  two  crabs  which  were  libei-ated 
together  were  recaptured  on  the  same  day  after  intervals  of  9  to  1 22  days, 
and  although  in  certain  cases  they  have  been  found  near  one  another, 
it  has  oftener  happened  that  the  places  of  capture  were  at  some  distance 
apai*t.  One  strilung  case  is  that  of  Nos.  11,  12,  and  1 3,  Table  X,  which 
were  captured  on  April  19th,  after  an  interval  of  freedom  of  165  days. 
Two  were  got  near  together ;  the  thii'd  was  about  3  miles  distant  from 
the  others.  All  the  lots  of  crabs,  with  one  exception,  show  simply  a 
migration  in  one  direction,  which  in  the  majority  of  cases  is  seaward, 
in  a  few  cases  shoreward.  The  exception  is  a  collection  of  crabs  which 
was  set  free  at  the  mouth  of  the  harbour  in  November,  Nos.  6  t^o  14,  Table 
X.  Of  these,  five  were  recaptured  during  December,  Januaiy,  and 
February,  at  from  2  to  3^  miles  offshore.  In  April  three  were  obtained 
close  inshore  in  8  fathoms,  and  in  May  a  fourth  was  found  in  7  fathoms. 
There  is  very  little  doubt  but  that  the  last  four  crabs  had  in  November 
gone  off  to  deep  water  with  the  others,  and  had  returned  in  April  and 
May  to  the  shallows.  With  regard  to  the  months  in  which  they 
take  place,  we  are  able  to  fix  the  migrations  within  certtiin  limits. 
When  the  take  of  crabs  diminishes  in  June,  the  majority  of  the  boats 
bring  their  creels  ashore  and  prepare  for  the  summer  herring  fishing,  or 
begin  line  fishing.  They  return  to  the  crab  fishing  in  the  middle  of 
September  or  beginning  of  the  following  month,  according  to  the  bad  or 
good  residt  of  the  herring  fishing.  When  they  do  so,  they  shoot  their 
creels  right  out  in  deep  water.  The  few  boats  which  continue  fishing  in 
July  and  August  do  so  close  inshore,  and  the  main  portion  of  the  catch 
consists  of  females  which  have  just  hatched  their  eggs.  In  August  a 
considerable  number  of  comparatively  small  soft  ci-abs  are  also  got 
{see  p.  106).  Many  of  the  large  crabs  which  have  come  near  the  land  in 
April  and  May  cast  inshore,  and  move  out  to  sea  again.  In  oi*der  to 
find  what  crabs  were  offshore  in  August,  I  ari*anged  to  have  ten  creels 
shot  3  miles  N.E.  of  Dunbar,  at  which  place  18  fathoms  were  found.t 
Ten  crabs  were  obtained — viz.,  four  large  hard  females  ^^  to  6|  inches 
across,  three  of  which  had  just  hatched  their  eggs,  four  small  males  4^  to 

*  After  going  to  press,  a  orab  (No.  49,  Table  XI.)  has  been  got  in  St.  Andrown  Bay ; 
it  has  in  seven  months  travelled  across  the  Firth  of  Forth  to  a  point  18  miles  north  of  tne 
place  where  it  was  set  free. 

t  There  is  here  a  discrepancy  between  the  distance  from  shore  and  the  depth. 
The  distance  or  direction,  judging  from  the  chart,  is  piobally  at  fault. 
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4^  inches,  and  one  small  hard  female  3|  inches  across.  Not  a  single 
sdTt  crab  was  obtained.  The  probability  is  that  the  soft  crabs  had  not 
yet  migrated,  but  the  large  hard  females  captured  on  this  occasion  had 
done  so ;  since  there  is  little  doubt  but  that  the  berried  females  come 
inshore,  and  the  eggs  hatch  there  in  summer,  July  being  probably  the 
principal  month.  By  the  middle  of  September  (1 3th)  1899,  the  soft 
crabs  were  got  in  great  numbers  in  25  fathoms.  The  migration  of  the 
soft  crabs  appeared,  then,  to  have  begun  last  year  (1899)  between  the 
middle  of  August  and  the  middle  of  September.  The  experiment 
described  above  gives  some  ground  for  the  conclusion  also  that  the  large 
females  which  had  lately  been  berried,  and  which  are  not  about  to  cast, 
migrate  soon  after  the  hatching  of  the  eggs.  From  the  labelling 
experiments  some  little  evidence  is  thrown  upon  the  migration  of  the 
large  hard  males.  A  number  of  large  male  crabs  were  labelled  and  set 
free  at  the  mouth  of  the  harbour  in  June.  On  July  1 4th  one  of  these. 
No.  19,  Table  X.,  was  got  close  to  the  harbour;  in  September  another. 
No.  20,  was  taken  in  a  creel  2  miles  N.E.  in  22  fathoms,  and  in  October 
two  more  were  captured  ;  one,  No.  21,2  miles  N.E.  in  22  fathoms,  and 
the  other,  No.  22,  1^  miles  E.  by  S.  in  18  fathoms.  A  large  hard 
male  crab,  set  free  at  the  harbour  in  July,  was  found  in  December,  3 
miles  N.  E.  in  22  fathoms.  We  may  pmbably  conclude,  then,  that  these 
large  males  had  not  begun  to  migrate  in  July,  and  by  September  they 
had  done  so.  The  migration  seaward  of  hard  and  soft  crabs  then 
probably  occurs  during  August  and  September.  The  statistics  which 
were  kept  during  the  last  four  months  of  last  year  of  the  hard  and  soft 
crabs  captured  daily  point  to  a  migration  of  crabs  less  than  4|  inches 
across  the  back  taking  place  a  little  later  than  that  of  the  gauge  crabs. 
In  Table  XII.  it  is  seen  that  up  tUl  September  29th,  although  there 
were  a  great  number  of  soft  gauge  crabs,  there  was  none  under  4^  inches. 
After  that  date  the  number  of  small  crabs  increased  rapidly. 

The  inshore  migration  appears  to  begin  usually  in  February.  In 
February  and  March  the  creels  are  still  shot  in  deep  water,  and  also 
sometimes  in  shallow  water.  In  these  months  the  men  begin  to  shift 
the  creels  in,  but  up  to  the  end  of  March  1898  some  of  the  boats  were 
still  fishing  in  18  fathoms,  while  others  were  working  in  8  fathoms  in 
February.  The  inshore  migration  appears  to  be  more  irregular  than  its 
seaward  counterpart.  By  April  and  May  the  crabs  are  usually  close 
inshore.  In  May  1898,  however,  the  men  had  to  shift  their  creels  to 
about  a  mile  oflfehore,  where  there  is  a  depth  of  about  1 4  fathoms,  owing 
to  the  scarcity  of  the  crabs  inshore.  It  is  very  evident  that  the  inshore 
migration  is  subject  to  considerable  fluctuations.  It  moreover  seems  to 
be  very  giudual,  thus  differing  from  the  seaward  migration,  which  is 
apparently  very  rapid.  Thus,  three  ci-abs  which  were  set  free  at  the 
harbour  on  Saturday,  September  23rd,  were  captured  on  the  following 
Monday,  September  25th — one  at  2  miles,  the  other  two  at  2jJ  miles 
N.E.  of  Dunbar.  The  creels  had  been  shot  on  Saturday  and  remained 
in  the  water  till  Monday.  The  crabs  had  thus  ti*avelled  2^  miles  in 
two  days.  The  time  taken  to  the  journey  was  possibly  less.  The 
inshore  migration  has  a  very  important  effect  on  the  crab  fishery,  for 
during  April  and  May  the  concentration  of  tlie  crabs  in  the  shallow 
water  of  necessity  restricts  the  fishing  area,  and  intensifies  the  fishing 
capacity  of  the  creel.  At  this  time  of  the  year  the  largest  number  of 
creels  is  employed,  certain  boats  having  as  many  as  200,  while 
no  boat  will  have  less  than  100.  Tliere  are  probably  at  least 
3000  creels  shot  each  day  during  these  months.  The  catch  is  at  this 
time  the  greatest.  By  June  the  takes  diminish  rapidly.  While 
this  fact  may   be   in   part  due   to   the  crabs   retiring  to  cast,  it   is 
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very  possibly  simply  in  consequence  of  the  crabs  being  nearly  all  fished 
up.  Tlie  explanation  given  by  the  fishermen  is  that  the  crabs  "  hole 
up,"  or  "  do  not  creep."  The  fact  of  the  double  migration  of  the  crab  is 
not  accepted  by  all  the  fishermen.  They  are  of  the  opinion  that  there 
are  certain  "  bodies  "  of  crabs  restricted  to  deep  water  and  other  bodies 
to  shallow  water.  And  since  during  the  winter  they  get  no  crabs  in- 
shore, the  reason  is  that  the  inshore  crabs  "  hole  up  "  in  winter ;  and 
since  in  summer  no  crabs  are  got  off  in  deep  water,  it  is  owing  to  their 
retiral  to  their  burrows,  from  which  they  cannot  be  tempted  by  the 
ordinary  baits.  A  generally  accepted  belief  is  that  crabs  will  not 
"  creep  "  all  the  year  round.  These  are  merely  attempts  to  account  for 
the  phenomena  of  migration.  Another  difficulty,  which  gives  rise  to 
the  view  that  there  are  varieties  of  crabs  restricted  to  special  areas,  is 
due  to  the  fact  that  the  appearance  of  the  crab  changes  with  the  season. 
As  the  shell  of  the  crab  grows  older  it  darkens,  becomes  yellow  under- 
neath ;  and  its  general  appearance  is  affected  by  the  ectozoa  which  attach 
themselves  to  it. 

What,  then,  are  the  causes  of  the  migrations  of  the  crab?  The 
reason  for  the  migrations  may  be  sought  for  in  two  directions — (1)  the 
influence  of  temperature  ;  (2)  the  necessity  for  food.  The  time  in  the 
crab's  life  when  temperature  will  most  probably  affect  it  is  (1)  during  the 
incubation  of  the  Q^g ;  (2)  during  the  process  of  casting.  From  the 
appended  Table  of  temperatures  of  the  bottom  water  of  the  sea  at  Dunbar, 
taken  in  June,  July,  and  August,  1899,  by  a  fisherman,  it  is  seen  that 
with  one  insignificant  exception  the  water  at  6  to  8|  fathoms  was  much 
warmer  than  the  water  offshore  in  2 1  to  25  fathoms.  During  that  period 
the  eggs  hatch,  and  as  we  know  that  warmth  has  the  effect  of  hastening 
the  development  of  the  ovum,  we  may  conclude  that  in  the  case  of  the 
berried  crabs  the  migration  shorewani  aids  the  hatching  of  the  eggs. 
Berried  crabs  extrude  their  eggs  offshore  in  winter,  when  the  bottom 
water  is  warmer  than  that  near  the  shore ;  their  presence  inshore  in 
summer  pre-supposes  a  migration  thither.  Secondly,  there  is  every 
ground  for  holding  that  the  soft  crabs  cast  in  the  shallow  inshore  water ; 
the  warmth  possibly  influences  favourably  this  process. 

TemperattJi/re  of  Water  <U  Bottom, 


Date. 

Three  Miles  from  Land. 

Half  Mile  from  liand. 

Just  outside  Harbour. 

Tempera- 
ture. 

Depth. 

Time. 

Tempera- 
ture. 

Depth. 

Time. 

Tempera- 
ture. 

Depth. 

Time. 

1890. 
June    8 

Deffreet. 
7-6 

Fathoms. 
26 

12.46  p.m 

Degrees. 
0. 

8 

Fathoms. 
13 

1.80  p.m. 

Degrees. 
0. 
9 

Fathoms. 
6J 

2.10  p.m. 

„      16 

8 

26 

4.80    „ 

9 

12 

2.46    „ 

11 

7* 

2.0     „ 

„      28 

8 

26J 

1.40    „ 

9 

IS 

11.60  a.m. 

10 

9 

11.30  a.m. 

„      80 

8-6 

26 

6.30    „ 

9*6 

m 

8.16  p.m. 

11-5 

6i 

2.80  p.m. 

July    6 

8-6 

26 

6.16    „ 

10 

18 

8.10    „ 

12 

6* 

2.46    „ 

M        H 

9-9  (10) 

22 

12  noon. 

lis 

IS 

1.6      „ 

11-9 

7 

1.16    „ 

»      21 

9-6 

24 

4.30  p.m 

10 

18 

6.15    „ 

■ 

• 

• 

Aug.    2 

11 

23 

6.30    „ 

12-6 

12J 

7.0      „ 

13 

8 

7.10    ,. 

,.      11 

13 

21 

7.0      „ 

12-5 

18 

7.80    „ 

12-8 

8» 

7.45    .. 

„      18 

18 

22 

8.0      „ 

14-6 

14* 

8.80    „ 

16 

74 

8.45    „ 

..      26 

18 

22 

7.15    „ 

16 

14 

8.0      „ 

16-6 

6* 

8.20    „ 

Se  .   25 

U-9 

26 

13.16  „ 

11-6 

10 

8.0      ,. 

• 

• 

• 
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The  migration  offshore  in  August  and  September  cannot,  however,  be 
explained  by  reference  to  temperature.  At  the  end  of  August  last 
year,  at  which  time  the  soft  crabs  were  probably  making  their  way  sea- 
wards, the  temperature  of  the  inshore  water  was  still  higher  than  that 
of  the  deep  water,  and  on  September  25th  the  temperature  at  10  fathoms 
was  only  '3  of  a  degree  less  than  that  at  25  fathoms.  Moreover,  small 
soft  crabs  are  to  be  found  between  tide-marks  on  the  beach  all  through 
the  winter  {vide  Table  IV.).  It  is  not  at  all  likely  that  the  adult 
soft  crabs  would  be  inconvenienced  by  cold  when  the  small  crabs  are  not 
affected  by  it.  The  migration  of  the  soft  crab  may  with  some  reason  be 
attributed  to  the  necessity  for  food.  Immediately  after  casting  the  crab 
feeds  ravenously,  and  it  is  therefore  not  unlikely  the  shore  waters  may 
not  offer  them  a  sufficient  food  supply.  It  is  not  improbable  that  the 
inshore  migration  may  also  be  due  to  a  search  for  food.  Both  migrations 
appear  to  be  shared  by  male  crabs  which  are  not  about  to  cast.  The 
ofl&hore  ground  upon  which  the  crabs  are  found  in  winter  appears  from 
the  chart  to  consist  of  sand,  with  stony  patches  here  and  there,  while 
further  to  sea  the  bottom  is  of  mud.  About  600,000  crabs  are  taken 
each  year  at  Dunbar,  and  although  the  length  of  the  fishing  ground  is 
confdderable,  probably  14  miles,  its  breadth  will  not  exceed  about  4 
miles.  The  amount  of  food  which  these  crabs  consume  must  be  great 
indeed.  The  crab  fishing  consists  in  simply  setting  a  barrier  of  creels 
in  front  of,  or  in  the  midst  of,  the  migrating  crabs,  and  as  the  crabs 
move  along  the  creels  keep  pace  with  them. 

Mr.  Hutchison,  Dunbar,  has  informed  me  that  certain  fisher- 
men at  Skateraw  had  been  accustomed  to  bring  the  soft  crabs  which 
they  caught  in  de^p  water  during  winter  to  the  shore  in  order  to  set 
them  at  liberty  in  shallow  water.  They  did  so  with  the  view  of  stocking 
the  shore  waters  for  the  summer  fishing.  It  is  very  doubtful  if 
any  of  these  transported  crabs  remained  inshore ;  they  probably 
immediately  moved  right  off  to  deep  water,  just  as  did  the  labelled  soft 
crabs  put  away  in  September,  October,  and  November. 

There  is  evidence  that  long-continued  frosty  weather  tends  to  diminish 
the  catch  of  crabs ;  the  cold  is  said  to  make  the  crabs  "  hole  up." 
Similar  evidence  was  given  before  Buckland. 

Migration  Experiments  at  Benmck-on-Tweed  and  Beadnell, 

Northvmfiherland. 
By  the  courteous  permission  of  the  Northumberland  Sea  Fisheries 
Committee,  their  fishery  officer,  Mr.  Buglass,  labelled  100  crabs  and  set 
them   free  off  Berwick-on-Tweed  in  February  and  May  1898.     The 
majority  were  undersized,  and  none  were  recovered. 

Mr.  Douglas,  Beadnell,  also  kindly  labelled  1 00  crabs,  and  of  these  5 
were  recaptured. 


Date  of 

Place. 

Date  of 

Place. 

Direction  of 

Liberation. 

Recapture. 

Migration. 

1898. 

1.  March     1 

• 

March  22 

• 

1}  miles  shoreward. 

2.  Feb.      26 

At  the  Haven. 

May     31 

Off  N.  Sunder- 
land,  8  fms. 

N.E. 

3.      „        21 

4  miles  offshore, 
26  fathoms. 

June      3 

Close  inshore,  4 
fathoms. 

4  miles  shoreward. 

4.  March     8 

4  miles  offshore, 
26  fathoms. 

,.      17 

Clase  to  rocks,  4 
fathoms. 

♦  »                              M 

5.  Feb.      25 

4}  miles  offshore. 

July      9 

Close  to  rocks,  3 
fathoms. 

^a    M               >» 

These  five  crabs  are  valuable  additions  to  the  material  supplied  by  the 
Dunbar  specimens,  illustrating,  as  they  so  well  do,  the  shoreward 
migration  in  spring  and  summer.  The  first  crab  fills  a  gap  which  exists 
in  the  Dunbar  list,  since  at  Dunbar  no  crab  was  recaptured  in  March. 
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Part  III, — EigMeenth  Annual  Beport 
The  Regulation  of  the  Cbab  Fishebt. 


'Die  aim  of  regulation  in  tho  case  of  a  fishery  is  usually  either  to  arrest  A 
decrease  in  its  productivity,  or  to  increase  the  commercial  value  of  its 
returns.  In  discussing,  then,  the  question  of  interference  with  the 
present  mode  of  conducting  the  crab  fishery,  it  is  necessary  to  consider 
whether  or  not  (1)  there  are  signs  that  it  is  declining,  (2)  if  by  r^uia- 
tion  the  fishery  might  be  so  improved  that  it  make  a  better  return  to 
those  most  interested — viz.,  the  fishermen.  With  regard  to  the  first 
question,  the  Crab  and  Lobster  Commission  of  1877  came  to  the 
following  conclusion: — "We  are  ourselves  of  opinion  that  the  crab 
fisheries  on  the  East  Coast  of  Scotland  are  almost  universally 
deteriorating."*  Wilsont  reported  in  1893,  regarding  the  crabs  on  the 
coast  of  Northumberland,  that — "  there  is  no  evidence  of  a  steady 
decline  in  the  aggregate  take,  except  at  one  or  two  places.  But  that 
there  is  at  least  danger  of  over-fishing  is  indicated  by  the  fact  that  the 
increase  in  gear  is  not  yielding  corresponding  increase  of  crabs."  Meek): 
was  of  the  opinion  that  the  crab  and  lobster  fishery  had  deteriorated  in 
the  Northumberland  district.  The  annexed  Table,  extracted  from  the 
Reports  of  the  Fishery  Board,  gives  the  numbers  of  crabs  landed  in  the 
Eyemouth  and  Leith  districts,  on  the  East  Coast  of  Scotland,  and  also 
the  landings  for  the  whole  of  Scotland,  for  the  period  from  1883  to  1899 
inclusive. 


Eyemouth 
District. 

Leith  District. 

£astCk>astof 
Scotland. 

East  and  West 

Coasts, 

Orkney  and 

Shetland 

Islands. 

Number  of 
Creels  owned 

by  the 
Fishermen. 

1883 

Hundreds. 
15,841 

Hundred*, 
6,196 

Hundred*. 
32,196 

Hundred*. 
35,393 

- 

1884 

- 

— 

- 

33,178 

- 

1885 

15,650 

4,780 

31,061 

32,499 

- 

1886 

2,281 

6,173 

21,193 

23,846 

- 

1887 

3,173 

6,577 

21,034 

22,157 

- 

1888 

3,082 

8,275 

29,676 

80,817 

— 

1889 

2,720-5 

6,445-5 

26,090 

27,743 

- 

1890 

2,710-5 

7,654 

27,336-9 

28,823 

— 

1891 

2,746 

7,630-5 

29,753 

30,924 

- 

1892 

3,620 

8,192 

30,269 

31,179-9 

- 

1893 

3.819 

9,084 

31,638 

83,050 

69,331 

1894 

4,145 

7,359 

25,684 

26,801 

75,198 

1895 

8,568 

6,151 

24,058 

25,482 

n,968 

1896 

6,041 

10,101 

32,569 

33,973-8 

72,790 

1897 

3,947 

9,186 

32,672 

34,943-9 

73,651 

1898 

5,434 

9,538 

35,330 

36,465-8 

77,157 

1899 

3,765 

8,600 

29,611-5 

81,125 

76,007 

♦  p.  T.    iOp.citj  1893,  pp.  3,  4. 
tOp,cU.t  1899,  p.  41. 
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It  is  seen  from  the  yearly  totals  that  although  very  great  variations 
cocor  from  year  to  year,  in  1898  the  take  was  slightly  larger  than  the 
total  in  1883 ;  these  two.  were  the  years  in  the  period  in  which  the 
yield  of  the  fishery  reached  3,500,000  crabs.      The  number  of  creels 
owned  by  the  fishermen  has  been  entei*ed  for  the  seven  years  1893-1899 
inclusive.     There  is  no  evidence  to  show   what   proportion   of  these 
creels  were  actually  employed  in  fishing  for  crabs,  but  as  they  do  not 
last  very  long,  but  require  continual  repair  or  renewal,  it  is  probable 
that  a  very  small  percentage,  if  any,  was  unemployed.     If,  then,  it  be 
conceded  that  the  number  of  creels  returned  as  belonging  to  the  fisher- 
men were  actually  used,  we  see  that  an  increase  in  catching  gear  does 
not  imply  an  increase  in  the  take.     Thus  in  1893,  with  69,000  ci*eels,  the 
catch  was  3,305,000  crabs;  and  in  1894  and  1895,  with  a  greater  number 
of  creels,  viz.,  75,000  and  72,000,  fewer  crabs,  namely  2,548,200,  were 
captured.   Greater  catches  were  obtained  in  1896  and  1897  than  in  1894 
and  1899,  when  a  lai^er  number  of  creels  was  owned.     It  is  therefore 
apparent  that  an  increase  in  the  catching  gear  is  not  always  accompanied 
by  an  increased  catch.   The  only  conclusion  which  is  at  present  permissible 
is  that  a  decline  in  the  fishing  is  not  indicated.   Nor,  on  the  other  hand,  is 
there  any  indication  of  regular  increase  in  the  number  of  crabs.    Every- 
thing seems  to  point  to  the  probability  that  the  fishing  is  carried  on  to  its 
fullest  extent.     Previous  to  the  passing  of  the  Crabs  and  Lobsters  Act 
of  1877,  there  was  seemingly  a  deterioration ;  since  then,  judging  from 
the  period  above  cited,  such  deterioration  has  apparently  ceased.     The 
provisions  of  the  Act,  prohibiting  the  sale  of  soft  crabs  and  of  hard 
under-sized  crabs,  might  then  be  regarded  as  having  effected  a  desired 
improvement.     But,  nevertheless,  the  exemption  in  favour  of  the  use  of 
these  two  classes  of  crabs  as  bait  left  the  fishing,  in  those  districts  where 
it  is  carried  on  diuing  the  whole  year,  in  a  state  similar  to  what  obtained 
previous  to  the  passing  of  the  Act.     The  ground  fi-equented  by  crab- 
fiahers  is  altogether  littoral,  seldom  extending  more  than  four  to  five 
miles  from  the  shore,  although,  as  one  witness  stated  before  the  Com- 
mission,* crabs  may  be  got  on  the  haddock  lines  shot  in  the  Moray 
Firth  10  to  15  miles  offshore.       The  crabs  which  were  taken  by  the 
trawlers  were  got  during  inshore  trawling  mainly.     It  is  important  to 
consider  what  percentage  of  the  catch  of  the  crabs  is  protected  by  the 
Act.      So  far  as  the  ten  catches  which  were   measured  (Table  IX.) 
may  be  taken  as  representative,  the  percentage  of  crabs  below  4|  inches 
was  12'5  per  cent.     That  proportion  may,  then,  be  taken  as  the  extent 
of  the  protection  of  small  crabs,  if  they  are  not  used  for  bait.     But  their 
general  destruction  for  this  purpose  renders  the  Act  quite  ineffective. 
The  protection  to  soft  crabs  is  also  more  apparent  than  real,  for  where 
the  crab-fishing  is  pursued  during  autumn  and  winter  the  permission  to 
bait  their  lines  with  soft  crabs  is  largely  taken  advantage  of.     In  regard 
to  these  two  provisions,  then,  the  Crab  and  Lobster  Act  was  to  a  large 
extent  inoperative.     Berried  crabs  are  afforded  protection  in^espective 
of  the  prohibition   of  their  sale  enacted  by  the  Act ;  for,  as  Wilson 
and    Cunningham    point    out,    in    this    corroborating    the    evidence 
furnished  to  the  Commission,  the  berried  crab  seldom  appears  in  the 
crab-pot.      At  Dunbar  very  few  berried  crabs  are  got  in  the  year. 
Notwithstanding,  then,  the  fact  of  the  meagreness  of  the  protection  to 
the  mature  group,  the  takes  of  crabs  have  not  permanently  decreased. 

The  second  aim  of  regulation  of  a  fishing  is  to  increase  its  profit. 
Peter8en,t  in  his  work  on  the  commercial  flat-fishes  of  Denmark,  says  : — 

*  Reports  on  the  Crab  and  Lobeter  Fisheries,  1877,  evidence  for  Scotland,  pp.  39,  40. 

•fSsport  hjftiu  Danitk  Biological  Station  to  the  Home  DfpartrMiU,  IV.,  1893,  Copenhagen, 
1894,  p.  67. 
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"  In  order  to  promote  the  plaice -fishery,  in  our  seas  at  any  rate,  it  is  not 
enough  to  protect  the  unsaleable  fish  only ;  we  must  also,  and  particularly, 
protect  the  saleable  fish,  so  that  the  latter  becomes  sufficiently  saleable. 
T  am  convinced  that  no  other  way  will  lead  us  to  the  goal,  the  greatest 
possible  profit."  Such  an  improvement  in  value  may  be  obtained  by  an 
increased  catch,  or  by  securing  a  higher  price  for  each  individual  crab. 
The  former  need  not  be  considered  here ;  the  latter  is  a  line  on  which 
some  progress  may  be  made.  The  first  point  to  which  attention  may  be 
directed  is  the  fact  that  the  smallest  legally  saleable  crabs  are  not 
accepted  as  full  marketable  crabs.  The  smaller  crabs  of  the  catch  sell 
at  half  the  price  of  the  larger.  At  Dunbar,  for  example,  although  no 
definite  size  in  inches  is  accepted  as  the  standard  by  which  a  whole  crab 
is  measured,  it  may  with  confidence  be  stated  that  all  crabs  under  4:| 
inches  across  will  be  counted  as  half -crabs.  The  highest  price  paid  to  the 
fishermen  at  Dunbar  for  crabs  is  Is.  6d.  per  dozen— i.e.,  each  crab  brings 
three  halfpence.  Crabs  under  4|  inches  are  sold  at  three  farthings  each. 
The  capture  of  half -crabs  is  economically  a  mistake,  since  by  leaving  them 
in  the  sea  until  they  cast  again,  their  size  would  be  much  increased.  They 
would  on  recapture  bring  double  their  former  value.*  In  the  ten  catches 
referred  to  above,  2684  crabs  were  of  marketable  size  (4|  inches  and 
over),  and  of  these  597  were  found  to  be  between  4|  and  4|  inches 
inclusive ;  i.e.,  22  per  cent,  of  the  crabs  of  marketable  size  were  half- 
crabs.  After  one  cast,  all  of  these  crabs  would  measure  more  than 
5  inches  across  (vide  p.  110).  Then  if  only  half  of  these  were  recaptured 
when  they  had  increased  in  size,  no  loss  would  accrue  to  the  fishing, 
since  their  value  had  doubled  itself.  The  question  arises  as  to  how  long 
a  period  will  elapse  before  a  crab  between  4|  and  4f  would  cast  again. 
In  the  case  of  a  female  which  was  fertilised,  two  years  at  least  would 
probably  elapse  between  its  soft  period  and  the  next  casting ;  but  during 
that  time  it  is  more  than  probable  that  she  will  carry  eggs.  In  the  case 
of  an  unfertilised  female  of  these  sizes,  a  year  may  be  taken  as  the 
interval  between  the  time  of  its  previous  cast  and  the  following  one. 
With  regard  to  the  male  crab,  it  is  not  improbable  that  the  similar 
interval  wiD  be  one  of  two  years  at  least.  But  on  this  point  evidence 
is  wanting.  Taking  everything  into  consideration,  it  would  very 
probably  be  an  advantage  to  eliminate  the  half -crabs  from  the  market. 
And  for  this  purpose  a  4|  inches  gauge  at  the  very  least  would  be 
required.  The  Crab  and  Lobster  Commission  recommended  for  Scotland 
a  5  inches  gauge,  and  instead  of  that  size  4^  inches  was  taken  as  the 
standard.  In  most  of  the  fisheries  districts  in  England  {wide  p.  140)  the 
4J  inches  gauge  has  been  by  local  bye-law  replaced  by  a  minimum  of 
5  inches.  This  is  a  size  which  would  keep  out  the  Dunbar  half -crabs  ; 
but  care  should  be  taken  against  instituting  a  gauge  which  is  larger 
than  absolutely  necessary.  A  5  inches  gauge  would  have  kept  out  35 
per  cent,  of  the  crabs  measuring  4|  inches  and  over  in  the  sample 
catches  which  were  examined  (p.  119),  while  a  4|  inches  gauge  would 
have  caused  the  rejection  of  22  per  cent. 

Even  without  further  restriction  in  the  matter  of  the  minimum  legal 
size,  much  good  might  be  done  by  preventing  the  use  of  the  small  hard 
crabs  and  soft  crabs  for  bait.  The  Crab  and  Lobster  Commission  in  this 
connection  reported  as  follows : — "  There  is,  then,  much  diversity  of 
opinion  among  the  fishermen  of  Scotland  as  to  the  expediency  or 
inexpediency  of  using  crabs  for  bait.  Without  expressing  any  opinion 
on  the  propriety  of  the  practice,  we  may  repeat  that  we  cannot  recom- 
mend any  legislative  interference  with  its  continuance,  because  we  are 

•  Wilson,  op.  ciLf  1895,  p.  5  ;  Allen,  "The  Protection  of  Crabs  and  Lobsters,"  Journal^ 
Marfn^  Bhiogicai  AMOciationy  N.S.,  Vol.  IV.,  No.  2,  p.  186, 
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satisfied  that  if  such  a  law  were  made  it  would  be  irapossible  to  enforce 
it.     There  is  another  matter*  which  we  believe  requires  attention.    The 
fishermen  who  fish  in  the  autumn  months  are  in  the  habit  of  destroying 
large   numbers  of   'soft*  or  *  light'  crabs.      These    crabs,  which  have 
recently  cast  their  shells,  are  worthless  as  food.     We  propose  that  it 
should  be  iUegal  to  expose  these  crabs  for  sale.     We  should  have  been 
very  glad  to  have  been  able  to  recommend  that  they  should  not  be  taken, 
and  we  exeedingly  regret  that  we  cannot  do  so,  for  two  reasons.     First, 
because,  as  we  have  already  stated,  there  is  no  available  machinery  for 
enforcing  a  law  of  this  nature  on  the  coast,  and  we  are  unable  to  see  how 
any  efficient  machinery  for  the  purpose  can  be  provided  except  at  very 
great  cost ;  and  second,  because  these  crabs  are  used  as  bait.     The  only 
practicable  remedy  we  believe  to  consist  in  the  institution  of  local  close 
seasons  applicable  to  those  places  where,  and  times  when,  soft  or  light 
crabs  are  wantonly  destroyed."     The  difficulty  of  enforcing  such  a  regula- 
tion is  probably  not  so  great  now  as  it  was  when  the  Commission  made 
its  report.     The  use  of  crabs  for  bait  may  be  considered  from  two  points 
of  view,  (1)  the  efficiency  of  the  flesh  of  the  crab  as  a  bait  for  fish,  (2) 
what  saving  in  the  fisherman's  expenditure  results  from  the  use  of  the 
crabs  in  this  manner.     It  is  generally  considei*ed  by  the  fishermen  that 
the  crab  is  a  more  attractive  bait  than  the  mussel.     But  on  this  point 
experimental  evidence   is  wanting.     Certain   data  bearing  upon   the 
expenditure  which  is  avoided  by  using  ci'abs  for  bait  have,  in  the  case 
of  Dunbar,  been  obtained.     A  large  soft  crab  afibrds  not  more  than 
four  baits.    To  bait  400  hooks  requires  100  crabs.    The  cost  of  mussels  as 
bait  for  400  hooks  does  not  exceed  ninepence,  while  100  hard  large  crabs, 
if  taken  at  the  moderate  value  of  Is.  per  dozen,  bring  8s.  4d.    A  potential 
return  of  8s.  4d.  after  four  months,  the  period  required  for  the  soft 
crab  to  become  hard,  is  then  sacrificed  for  a  quantity  of  mussels  of  the 
value  of  ninepence.      These  crabs,  if  returned  to  the  sea,  would  after 
four  or  five  months  have  their  value  increased  on  recapture  tenfold. 
In  order  that  the  fishermen  may  have  returned  to  them  the  expenditure 
on  mussels  entailed  by  the  protection  of  the  soft  crabs,  it  is  necessary 
that  only  ten  crabs  out  of  the  100  be  recaptured.      As  to  what  propor- 
tion might  be  expected  to  be  recaught,  some  data  are  affi)rded  by  the 
labelling  experiments.     Of  the  soft  crabs  which  were  marked  and  then 
set  free,  11  per  cent,  were  recovered,  and  as  it  is  no  doubt  the  case 
that  a  proportion  of  these  crabs  succumbed  in  consequence  of  their 
necessary  exposure  to  the  air  for  longer  or  shorter  intervals,  the  per- 
centage of  the  survivors  which  were  retaken  is  probably  even  greater 
than  11. t      It  may  then  with  a  considerable  amount  of  certainty  be 
maintained  that  10  per  cent,  at  least  of  the  soft  cmbs  returned  to  the 
sea  immediately  on  being  taken  from  the  creels  would  be  recaptured  in 
the  hard  condition.      In  this  way  the  fishermen  would   suffer  no  loss. 
An    average  estimate  of    the  number  of    crabs   used  for    bait  by 
each    boat   during    autumn  and  part    of   the   winter  is    100   crabs 
per    day.       100   crabs    are  looked  upon    as  a  reasonable  number 
per  boat;    some  boats  take   more.      Now,  soft  crabs  are  got  dur- 
ing September,   October,   November,  and   December  —  four  months ; 
it  is  at  once  apparent  that  the  destruction  which  may  ensue  through 
this  practice  is  enormous.     Statistics  of  the  extent  to  which  the  crab  is 
used  for  bait  do  not  exist,  but  from  the  statistics  of  the  catch  of  one 
boat  during  the  last  four  months  of  1899  (Table  XII.)  it  is  seen  that,  with 
the  exception  of  eight  days  at  the  end  of  December,  more  than  100  soft 
crabs  were  obtained  each  day.     For  the  52  days  on  which  the  fishing 
was  prosecuted,  it  was,  then,  permitted  by  custom  to  the  one  boat  to 

*p.  xiii. 

Of  some  loti  a  very  much  higher  percentage  wan  recovered.    Thus,  in  six  cases,  the 
^o  lowing  were  the  percentages  recaptured,  viz.,  20,  20,  22,  25,  25,  and  31. 
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destroy  5200  crabs.  If  this  is  multiplied  by  the  number  of  boats 
engaged  in  the  fishing,  a  number  of  crabs  is  obtained  the  destruction  of 
which  is  a  serious  loss  to  the  fishery.  In  addition  to  a  loss  through  the 
breaking  up  of  soft  crabs,  a  further  injury  is  done  during  the  rest  of  the 
year  by  the  use  of  small  haixl  crabs  for  bait.  A  small  crab  supplies  only 
two  baits.  It  has  certainly  been  the  case  to  some  extent  lately  that  the 
fishermen  have  been  forced  to  buy  trawled  fish  bait  for  their  creels. 
This  was  owing  to  the  scarcity  of  haddocks  in  the  inshore  waters ;  but 
so  long  as  the  fish  are  sufiiciently  abundant  to  repay  the  labour  of 
baiting  the  lines,  crabs  are  used  for  bait.*  In  the  North-Eastern  and 
Ekistern  districts  of  England  the  use  of  small  and  soft  crabs  for  bait  is 
forbidden.  In  the  Northumberland  district,  although  no  prohibition 
exists,  the  fishermen  are  not  accustomed  to  use  crabs  for  this  purpose. 
The  question  then  arises,  in  the  event  of  this  practice  being  prohibited, 
whether  the  only  method  of  securing  the  enforcement  of  the  law  is  a 
close  time.  Tlie  Commissioners  appointed  to  inquire  into  the  state  of 
the  crab  fishery  were  of  this  opinion,  but  the  conditions  are  now  much 
different.  A  close  time,  from  the  1st  September  of  one  year  to  the  31st 
day  of  January  following,  is  in  .force  in  the  North-Ecustem  district  of 
England  ;  and  in  1898  an  inquiry  was  held  by  Mr.  W.  E.  Archer  and 
Mr.  H.  N.  Malan,  Inspectors  of  Fisheries,  into  objections  which  were 
raised  to  the  proposal  of  the  Northumberland  Sea  Fisheries  Committee 
to  enact  a  close  time  of  a  similar  extent  in  the  district  under  their 
jurisdiction.  In  their  report  to  the  Board  of  Tradet  Messrs.  Archer 
and  Malan  summed  up  in  opposition  to  the  confirmation  of  the  proposed 
bye-law,  which  would  have  imposed  a  close  time  of  ^ve  months' 
duration.  They  say  that  "  some  of  the  evidence  given  to  us  might  have 
justified  our  recommending  a  shorter  period  if  there  had  been  less 
conflict  of  opinion  as  to  the  months  in  which  soft  crabs  are  really  taken 
in  the  greatest  numbers."  .  .  .  **  Further,  from  the  statistics 
collected  for  the  Board  of  Trade,  it  appears  that  during  the  five  months 
in  question  a  considerable  number  of  crustaceans,  especially  crabs,  are 
taken,  and  that  at  some  stations  the  fishing  is  carried  on  at  no 
inconsiderable  profit  all  the  year  round.'' 

With  a  view  to  arriving  at  the  proportion  of  soft  crabs  in  the 
catches  during  the  proposed  close  time,  and  also  in  order  to  find 
out  the  value  of  the  fishery  during  that  period,  arrangements  were 
made  for  having  statistics  kept  of  the  daily  catch  of  one  Dunbar  boat. 
Mr.  Hutchison,  the  deputy  Fishery  Officer,  undertook  the  matter.  The 
catch  was  divided  into  soft  and  hard  crabs ;  each  class  was  sub-divided 
into  crabs  of  4|  inches  and  over,  and  crabs  under  that  size.  The  statistics 
are  arranged  in  Table  XII.  The  number  of  creels  used  on  each  of  the 
60  occasions  that  the  fishing  was  prosecuted  was  60.  The  totals 
for  each  month  appear  in  Table  XIII.,  where  the  percentages  of  hard  and 
soft  crabs  are  also  given.  Of  the  gauge  crabs  in  September  an  average 
of  80  per  cent,  consisted  of  soft  crabs ;  in  October  and  November  the 
soft  crabs  made  up  55  and  42  per  cent,  of  the  gauge  crabs  respectively ; 
and  in  December  the  proportion  of  soft  crabs  had  fallen  to  22  per  cent.; 
in  January  only  2  per  cent,  of  the  gauge  crabs  were  soft.  It  is  then 
evident  that,  so  far  as  the  Dunbar  evidence  is  applicable  to  other 
districts,  a  close  time  of  five  montlis  is  not  required  for  the  protection 
of  soft  crabs.  And  since  there  appears  to  be  no  indication  of  the 
species  being  seriously  reduced  in  numbers,  any  special  protection  which 
the  above  close  time  would  afiTord  the  spawning  crabs  is  not  called  for. 

*  Along  with  muasols,  limpets,  and  lobworms. 

t  Sea  Fisheries  Regulation  Acts,  1888-1894  :  Report  by  Mr.  W.  E.  Archer  and  Mr.  H. 
N.  Malan,  Inspectors  of  Fisheries,  on  an  Inquiry  into  Bye-laws  made  by  the  Committee 
for  the  Northumberland  Sea  Fisheries  District  with  respect  to  Lobsters  and  Crabs, 
7th  January  1899. 
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During  these  five  months  of  the  year  a  considerable  number  of  sale- 
able crabs  are  obtained.  In  this  case  the  catch  contained  20,212 
crabs.  In  October  the  price  of  crabs  was  Is.  3d.  per  dozen ;  in  Novem- 
ber 9d.,  Is.,  in  December  9d.,  and  in  January  Is.  and  Is.  3d.  The  ap- 
proximate value  of  the  catch,  then,  was — September,  £11  3s. ;  October, 
j£23  158.;  November,  X14;  December,  £19  2s.;  January,  £17.  The  total 
catch,  then,  for  70  days  at  sea  brought  £77,  in  which  the  four  men  form- 
ing the  crew  participate.  There  is  thus,  over  the  period  of  19  weeks, 
an  average  of  £4  7s.  for  the  boat  each  week.  The  income  is, 
of  course,  subject  to  deductions  of  the  expenses  of  the  fishing. 
In  ^he  event  of  a  proposal  to  stop  the  crab  fishing  during  the 
autumn  and  winter,  some  alternative  mode  of  fishing  which  would 
recoup  the  fishermen  ought  to  be  available.  Unfortunately  the 
only  alternative  in  this  case  is  line  fishing,  and  that  has  during  the 
past  few  years  been  unremunei'ative.  In  1895  and  1896  the  value  of 
the  line-caught  fish  landed  at  Dunbar  was  £3150  and  £3874  respec- 
tively, while  in  1898  and  1899  the  values  were  £1567  and  £1704. 

The  institution  of  a  close  time  for  the  protection  of  the  soft  crabs  is 
a  remedy  which  would  press  hardly  in  many  localities.  On  the  other 
hand,  the  impossibility  of  otherwise  protecting  the  soft  crabs  is  not 
proved.  It  is  no  doubt  the  case  that  soft  crabs  are  often  carelessly  and 
even  wantonly  destroyed.  But  if  the  use  of  soft  crabs  for  bait  be 
prohibited,  and  the  law  which  forbids  their  possession  for  any  purpose 
other  than  bait  enforced,  some  benefit  would  undoubtedly  accrue. 
It  is  an  error  to  suppose  that  the  soft  crabs  succiunb  readily  to  slight 
injur}'.  All  the  soft  crabs  which  were  labelled  at  Dunbar  had  to  be 
brought  ashore,  and  before  they  were  labelled  and  returned  to  the  sea 
they  were  in  some  cases  out  of  the  water  for  six  hours.  Still,  many 
have  been  recovered.  The  majority  of  the  soft  crabs  could  be  returned 
to  the  sea  immediately ;  the  only  case  when  the  thumb  test  is  necessary 
is  when  the  crab  has  become  almost  hard  enough  to  be  marketable. 
Even  when  this  test  is  applied,  it  is  not  necessary  to  break  the  shell. 
The  destruction  of  soft  crabs  takes  place  mainly  in  harbour.  They  are 
after  exposure  to  air  more  liable  to  succumb  to  injuries.  In  the  case  of 
very  soft  and  light  crabs,  when  the  crab  has  been  out  of  water  some 
time,  the  gill  chamber  becomes  filled  with  air,  and  on  the  crab  being 
thrown  overboard  it  floats.  It  is  often  unable  to  get  rid  of  the  air.  If, 
however,  the  crab  be  held  in  the  water  with  its  anterior  edge  upwards, 
the  air  escapes  and  the  crab  sinks.  Many  crabs  recover  from  injuries 
sustained  through  the  thumb  test.  Twenty-five  crabs  were  labelled  and 
set  free  after  the  thumb  had  been  pushed  through  their  shells.  One 
was  recovered. 

There  is  good  ground  for  the  conclusion  that  the  protection  of  small 
and  soft  crabs  would  tend  to  improve  the  crab  fishery  ;  and  since  it  is 
principally  the  crab  fishers  themselves  who  use  these  crabs  for  bait, 
what  they  lost  by  the  slightly  increased  expenditure  for  bait  would 
with  every  probability  be  more  than  returned  to  them  in  improved 
catches.  The  increase  of  the  legal  minimum  size,  with  a  view  to  exclude 
the  so-called  half -crabs  from  the  market,  is  also  probably  economically 
justifiable. 

The  Crab  and  Lchster  Actj  d'c. 

The  Fisheries  (Oysters,  Crabs,  and  Lobsters)  Act  (40  and  41  Vict., 
ch.    42)  enacted: — Section   8— A  person  shall  not  take,  have  in   his 
possession,  sell,  expose  for  sale,  consign  for  sale,  or  buy  for  sale — 
I 
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(1)  Any  edible  crab  which  measures  less  than  four  inches  and  a 
quarter  across  the  broadest  ])art  of  the  back ;  or 

(2)  Any  edible  crab  carrying  any  spawn  attached  to  the  tail  or  other 
exterior  part  of  the  crab,  whether  known  as  "  berried  crab,"  "  seed 
crab,"  "  spawn  crab,"  or  "  ran  crab."  or  by  any  other  name ;  or 

(3)  Any  edible  crab  which  has  recently  cast  its  shell,  whether  known 
as  a  "  caater,"  **  white  crab,"  "  white-footed  crab,"  "  white-livered  crab," 
*'  soft  crab,"'  "  glass  crab,"  or  by  any  other  name. 

Here  follows  penalty  : — 
.    Provided  that  a  person  shall  not  be  guilty  of  an    offence   under 
this  section  if  he  satisfies  the  Court  that  the  edible  crabs  found  in  his 
possession,  or  alleged  to  have  been  sold,  exposed  for  sale,  consigned  for 
sale,  or  bought  for  sale,  were  intended  for  bait  for  fishing. 

The  Act  simply  protects  certain  crabs  from  being  sold  ;  any  small, 
soft,  or  berried  crab  may  be  used  for  bait. 

Since  the  creation  of  the  District  Fisheries  Committees  in  England, 
the  provisions  of  the  Act  have  been  modified  by  local  bye-laws. 

Increase  in  the  Minimum  Size. — The  smallest  legal  size  has  been  raised 
to  5  inches  across  the  broadest  part  of  the  back  in  Devon,  Cornwall, 
Western,  and  Cumberland  districts ;  to  6  inches  in  Lancashire  district. 

The  Use  of  Craha  Jot  Bait, — The  exemption  from  Section  8,  which 
permits  of  the  use  of  under-sized  and  soft  crabs  for  bait,  is  withdrawn  in 
the  North-Eastem  and  Eastern  districts. 

Close  Time, — In  the  North-Eastem  district  there  is  in  force  a  bye-law 
instituting  a  close  time  for  crabs  from  1st  September  of  any  year  to 
31st  January  of  the  following  year.  In  the  Eastern  district  there  is 
a  close  time  for  the  crab  known  locally  as  "  white-footed  "  between  1st 
November  of  any  year  and  the  30th  June  of  the  following  year. 

With  regard  to  the  return  to  the  sea  of  illegally-caught  shell-fish, 
it  is  enacted  in  the  Northumberland,  North-Eastem,  Eastern,  Western, 
Lancashire,  and  Cumberland  districts  that  any  person  who  takes  any 
shellfish,  the  removal  of  which  from  a  fishery  is  prohibited  by  any  bye- 
law  in  force  in  the  district,  or  the  possession  of  which  is  prohibited  by  any 
Act  of  Parliament,  shall  forthwith  deposit  the  same,  without  injury,  as 
nearly  as  possible  in  the  place  from  which  it  was  taken. 

Exemption  for  Scientific  Purposes. — Provided  that  nothing  in  these 
bye-laws  shall  apply  to  the  removal  of  crabs  or  lobsters  for  scientific, 
stocking,  or  l^reeding  purposes  by  any  person  acting  under  the  written 
authority  of  the  local  Fisheries  Committee. 
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Table  XII. 

Daily  Catdt  of  one  Duiibar  Boat  during  September  to  December^  1899, 

and  January  J  1900. 


Fishing  0 round. 

Date. 

1 

Hani  Crabn. 

Gauge  .V"^®*" 

Si«e   ^*"«f® 
"***•    Size. 

Soft( 

Gauge 
Size. 

'rabfl. 

Number 
of  Boats 
empl'y'd 
in  Crab 
Fishing. 

Under 

Gauge 

Size. 

^  niilca  E.  by  N.  of 
Dunbar— 25  fathoms. 

1899. 
Sept.  13 

.,   14 
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183 

" 

873 
740 

- 

8 

.,   15 

159 

- 

700 

- 

it 

„   16 

138 

- 

680 

m 

>» 

M  20 

176 

- 

670 

• 

•» 

M   21 

158 

- 

640 

- 

II 

1 

t       23 

lit 

- 
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^ 

II 

! 

"25 

206 

7-27 

m 

i« 

„   26 

178 

• 
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- 

n 

1 

"   -^7 

163 

- 
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- 

«l 

1 

,.   28 
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- 
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- 

10 

1 

1 

n   29 

215 

4 

893 

;» 

;> 

1 
1 

Oct.   4 

192 

16 

532 

24 

12 

1 

,.   ^ 
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140 

520 
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•  » 

„   « 

265 

1.50 

567 
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II 

M    7 

•274 
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280 

11 

„   9 
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14 

„  10 

206 
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II 

n   11 
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II 

„   12 
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17 

»   14 
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II 

•.  16 
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11 

„   17 
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II 

V  18 
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II 

»   1» 
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II 

n   20 

130 
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II 
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85 
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II 
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♦1 

* 

..  24 
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i» 

,,  25 
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II 

„   27 
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390 
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II 

»  80 
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!»0 

II 

No^.  4 
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60 
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:J50 

» 
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Table 


Fiahing  Oround. 
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NOY, 
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96 
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1 
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IS 
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55 

8 

„     18 

330 

64 

34 

10 

„      19 

356 

60 

38 

6 

„     22 

422 

no 

50 

8 

„     25 

308 

164 

46 

10 

„     28 

328 

14 

30 

5 

„     30 

1900. 
Jan.      8 

„     11 

342 
388 
364 

65 

16 
12 

22 
H 
8 

9 

..      12 
„     13 

„    le* 

238 
240 

647 

9 

7 
18 

6 
4 

12 

- 

„      20 

662 

15 

8 

., 

„      24 

672 

12 

8 

,. 

„     27 

622 

10 

6 

" 

■.Inclndei  Uu  cfttche*  trf  U»  Utb,  Uth,  kixl  IStli  Jamuwy, 


II 


^1 
I? 

n 

i 


PLATE    III. 


tiftlu  Fishery  board  far  Scotland. 


143 


Table  XIII. 

Analysis  of  Daily  Statistics — September,  October,  November,  December, 

1899,  and  January,  1900. 


1899-1000. 

Number 

of 

Times 

at 

Sea. 

Gauge  Grabs— 4^  inches  and  over. 

Under-Oaoge 
Grabs. 

Haid 
Grabs. 

Soft 
Crabs. 

Total 
Number 

Hani 
and  Soft 

Percentage 

of 

Hard. 

Percentage 

of 

Soft. 

Average 
Number  of 
Soft  Crabs 
each  day. 

Hard. 

Soft 

September,  1899, 
October,          „ 
November,      „ 
December,       „ 
January,     1000. 

12 
80 
13 
15 
10 

2,147 
4,664 
3,826 
6,144 
8,531 

8,674 
5,695 
2,762 
1,701 
66 

10,821 

10,159 

6,578 

7.845 

8,697 

20 
45 
58 
78 
08 

80 
56 
42 
22 
2 

723 
280 
212 
118 

8*5 

4 

3,657 

762 

1,383 

99 

80 

8,144 

1,920 

241 

49 

Fig. 

1. 

Fig. 

2. 

Fig. 

3. 

Fig. 

4. 

Fig. 

5. 

Fig. 

6. 

Fig. 

7. 

Fig. 

8. 

Fig. 

9. 

Fig. 

10. 

Fig. 

11. 

DESCRIPTION  OF  PLATES. 
PLATE  1. 

Vagina  and  Spermatheca  of  a  Soft  Crab  5J  inches  across,  o.,  ovary :  pi,, 
plug  :  arU.f  anterior  surface:  pst.,  posterior  surface. 

Larva  of  Carcinus  mcBnaSf  second  stage.  24  hours  after  hatching* 
August  2nd,  1899. 

Vaginal  plug,  a.,  the  half  next  the  median  line  of  the  thorax :  b.,  the 
half  next  the  outer  edge  of  the  thorax. 

Larva  of  Cancer  pagurtM,  second  stage.  15  minutes  after  hatching.- 
July  21st,  1899.  sp.,  lateral  spine.  The  outer  branches  of  the 
maxillipedes  are  shown  on  the  right  side  only ;  and  the  inner  branches 
of  the  same  are  alone  shown  on  the  left  side. 

Spermatheca  and  Vagina  of  a  Soft  Crab  6^  inches  across,  ss.,  the  secret- 
ing inner  surface  of  the  Spermatheca  :  o.,  ovary  :  v.,  vagina. 

Spermatheca  and  Vagina  of  a  Soft  Crab,  showing  plug  in  situ:  ap.,  wall 
of  spermatheca  :  t\,  wall  of  vagina  :  pi.,  plug. 

Dissection  of  the  Chela  of  a  Crab  near  the  fracture-plane,  showing  the 
two  septa,  c,  which  remains  attached  to  the  cast-off  limb  :  d.,  which 
remains  on  the  basi-podite.  a.,  the  basi-ischiopodite  joint:  b,, 
meropodite. 

Portion  of  Vaginal  Plug  found  on  the  abdomen  of  a  male  crab  :  pi,,  plug  : 
op.,  anterior  element  of  penis  :  pp.,  posterior  element  of  penis. 

Spermatheca  of  Hard  Crab ;  am.,  mass  of  sperms :  al.,  secretion  of  sperma- 
theca, solidified,     ood.,  opening  of  oviduct. 

The  Carapace  of  a  Male  Crab,  a.,  and  of  a  Female  Crab,  b,,  natural  size, 
6}  inches  across. 

Spermatozoon  of  Cancer  pcigurua:  a,,  seen  from  above,  b,,  seen  from  the 
side. 


PLATE    n. 
Curves  of  the  measurements  of  Beach  Crabs.     The  divisions  on  the  abadaaa  denote 
centimetres  ;  on  the  ordinate  are  marked  off  the  number  of  individuals. 


PLATE    IIL 
Curves  of  the  measurements  of  Beach  and  Creel  Crabs.    The  standard  of  measure- 
ment is  an  inch. 

PLATE  IV. 
Chart  of  a  portion  of  the  coast  near  Dunbar,  showing  the  places  where  the  Marked 
Crabs  were  recovered  {vide  p.  121). 
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HL— NOTES  ON  SOME  CRUSTACEAN  PARASITES  OF  FISHES. 
By  Thoicas  Scott,  F.L.S.,  Mem.  ZooL  Soc.  de  France. 
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Parasitic  habits  are  not  restricted  or  peculiar  to  any  particular  class  of 
organisms,  but  may  be  found  more  or  less  in  evidence  in  all  departments 
both  of  the  animal  and  vegetable  kingdoms.  There  are,  however,  certain 
groups  of  plants  and  animals  whose  surroundings  and  conditions  of  life 
seem  to  be  specially  favourable  to  the  adoption  of  parasitic  habits,  and 
amongst  the  Crustacea  such  habits  seem  to  prevail  to  a  considerable 
extent,  especially  amongst  the  so-called  *'  lower  forms ''  belonging  to  that 
class. 

Different  kinds  of  animals  have  to  act  the  part  of  hosts  to  these 
parasitic  crustaceans,  and  the  animaU  which  are  called  upon  to  willingly, 
or  unwillingly,  act  this  part  belong  chiefly  to  the  same  class  to  which  the 
parasites  themselves  belong  and  to  the  fishes.  Fishes  appear  to  be  special 
favourites  in  this  respect.  Scarcely  any  part  of  a  fish's  body  is  free  from 
the  intrusion  of  these  unwelcome  or  (in  some  cases,  perhaps)  welcome 
visitors ;  they  are  found  running  over  the  skin  of  the  fish,  they  adhere 
to  the  fins,  the  gills  and  gill  covers,  they  are  found  on  the  lips,  the 
tongue,  and  the  roof  and  sides  of  the  throat,  in  the  nasal  foss®,  and  in 
other  and  even  more  strange  and  out-of-the-way  places  on  or  about  the 
body  of  the  fish. 

The  degree  of  parasitism  varies  greatly  even  amongst  closely-allied 
species ;  in  some  cases  the  relationship  of  the  crustacean  to  the  fish  is 
decidedly  that  of  a  parasite,  but  in  other  cases  it  would  be  inaccurate  to 
describe  the  association  of  the  one  with  the  other  as  truly  parasitic.  Some- 
times, however,  it  is  more  convenient  to  use  the  terms  parasitic,  parasite, 
etc.,  in  this  broad  sense,  even  though  it  may  not  in  some  cases  be  strictly 
correct,  in  order  to  avoid  the  complications  that  would  arise  by  any 
attempt  to  describe,  in  a  strictly  accurate  manner,  the  various  degrees  of 
relationships  that  exist  between  crustaceans  and  the  fishes  which  have 
become  their  hosts  j  it  is  in  this  wider  sense  that  such  terms  are  used  in 
the  present  paper. 

The  study  of  the  parasitic  Crustacea  is  in  some  respects  more  difficult, 
if  also  more  interesting,  than  that  of  the  species  which  live  under  normal 
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conditions.  Their  structure  has,  because  of  their  parasitic  habits,  become 
more  or  less  altered,  and,  in  consequence  of  this,  the  forms  which  not  a 
few  of  them  have  assumed  are  greatly  at  variance  with  those  which 
usually  characterise  free-living  species.  Some  of  these  parasitic  crustaceans 
have  assumed  forms  so  strangely  abnormal  and  grotesque  that  even  the 
most  experienced  naturalists  have  failed  to  recognise  their  relationship  to 
the  Crustacea,  and  only  by  the  study  of  their  development  and  life-history 
have  their  true  affinities  been  determined. 

Amongst  crustacean  parasites  of  fishes,  the  Copepoda  is  the  group  that 
is  probably  the  most  largely  represented,  and  I  therefore  propose  to 
demote  the  chief  portion  of  this  paper  to  the  consideration  of  this  group; 
a  few  of  the  Isopoda  and  Amphipoda  that  have  been  observed  are  also 
referred  to. 

A  small  list  of  Copepod-pai-asites  of  fi!«hes  was  published  in  Part  III. 
of  the  Twelfth  Annual  Report  of  the  Fishery  Board  for  Scotland  (1894). 
Since  that  time  other  species,  besides  those  enumerated  in  that  list,  have 
been  obtained,  and  during  the  past  summer  special  attention  has  been 
devoted  to  the  study  of  these  organisms,  with  the  result  that  several 
interesting  forms  have  now  to  be  added  to  the  copepod  fauna  of  Scotland. 

The  crustacean  parasites  mentioned  in  the  sequel  have  for  the  most 
part  been  obtained  on  fishes  captured  in  the  Firth  of  Forth,  in  the  Firth 
ol  Clyde,  or  in  some  other  part  of  the  sea  around  the  Scottish  coasts ;  a 
few  interesting  species  have  been  obtained  on  fishes  brought  to  the  Fish 
Market  at  Aberdeen,  and  with  regard  to  these  I  am  unable  to  state  the 
place  where  the  fishes  were  captured,  though  I  believe  that  those  on 
which  the  parasites  were  found  were  in  most  instances  taken  somewhere 
ofif  the  coast  of  Scotland. 

In  the  preparation  of  these  notes  various  works  on  parasitic  Copepoda 
have  been  consulted,  and  in  this  respect  the  late  Dr  Baird's  History  of 
the  British  Entomostraca  is  still  indispensable.  Several  valuable  papers 
on  the  copepod  parasites  of  fishes  have  in  recent  years  been  published  by 
Dr.  Basset-Smith,  R.N ,  one  of  the  latest  being  A  Systematic  Descrip- 
tion of  Para-sitic  Copepoda  found  on  Fishes,  teith  an  enumeration  of  the 
Jcnoicn  sjHicies.  * 

The  classification  of  Gerstackerf  is  that  which  Dr.  Basset-Smith  has 
chiefly  followed  in  his  St/stematic  Desrripiion,  and  as  it  appears  to  be  the 
one  which  is  now  generally  adopted,  the  species  mentioned  in  the  present 
I)aper  are  aiTanged  as  far  as  possible  in  conformity  with  it. 

Mr.  Andrew  Scott,  assisted  by  Mrs.  Scott,  has  prepared  the  drawings 
necessary  for  the  elucidation  of  the  species  recorded  here. 

I  have  also  to  acknowledge  my  indebtedness  to  Mr.  Peter  Jamiesou, 
the  Laboratory  Assistant,  for  help  in  the  collection  of  specimens  for  this 
paper. 

The  COPEPOD  Parasites  of  Fishes. 

According  to  recent  classification  the  Copepod  parasites  of  fishes  have 
been  arranged  under  seven  families,  the  names  and  arrangement  of  which 
are  as  follows  : — Krgasilidse,  Caligidge,  Dichelestidse,  Philichthyidee, 
Lernueidae,  Chondracanthiduu,  and  Lernteopodido;.  The  Philichthyidae  is 
the  only  one  of  the  seven  families  which  does  not  seem  to  be  repreoeuted 
in  the  British  fauna ;  but  even  this  family  may  also  yet  be  found  to  have 
representatives  amongst  the  Copepod  fauna  of  our  seas. 

*  I'ffH-.  Zwtf.  Hoc.  /MHfion,  April  1890. 

t  Viff^  Copepoda  \u    Bronn  h    *' Klasueu  uiid    Orduungeu  de»   Thierrcichs,"   r.   i, 
(1&66-74). 
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Fam.    ERGASILIDiE. 

This  family  has  apparently  only  two,  or  at  most  three,  genera  belonging 
to  it,  but  the  number  of  species  is  about  twenty-two.  All  the  species  are 
small  and  easily  overlooked.  I  have  notes  of  two  species  each  of  which 
represents  a  separate  genus. 

Genus  Bomolochtts,  Nordmann  (1832). 

Bomolochus  solecB,  Glaus. 

1864.     Bomolochus    solece,   Glaus,  Zeitschrift  fUr  Wissenschaft. 

Zool.,  vol.  xiv.,  p.  374,  PI.  XXXV. 
1893.     Bomolochus  solex,   T.  Scott,  Eleventh  Ann.  Rep.  Fish. 

Board  for  Scot  (III.),  p.  212,  PI.  V. 

This  copepod  is  found  occasionally  on  the  back  of  the  common  sole, 
Solea  indgaris.  Those  I  have  observed  were  on  the  coloured  side,  and  were 
not  easily  noticed.  It  is  a  species  that  may  readily  escape  detection,  and 
may  therefore  be  more  frequent  than  it  at  present  appears  to  be.  I  have 
found  Bomolochus  solece  on  Solea  vulgaris  captured  near  Grimsby,  and 
also  on  the  same  species  of  fish  captured  in  the  Firth  of  Forth  and  in  the 
Firth  of  Glyde.  The  specimen  described  and  figured  in  the  Fishery  Board 
Beporty  referred  to  above,  is  from  the  Firth  of  Forth. 

Genus  Thersites^  Pagenstecher  (1861). 

Thersites  gasterostei,  Pagenstecher.     (PL  V.,  figs.  1-7.) 

1861.     Thersites    gasterostei,    Pagenstecher,    Arch.    f.     Naturg. 

vol.  xvii.,  p.  118,  PI.  VI.,  figs.  1-9. 
1863.      Ergasilus  gasferostei,  Kroyer,  Naturh.,  Tidsskr.,   R.  3, 

vol.  ii.,  p.  223,  PI.  XII.,  tig.  2. 
1892.     Thersites  gasterostei^  Canu,  Copep.  du  Boulonnais,  p.  245, 

PI.  XXIII.,  tigs.  13-18. 
1899.     Ergasiltis   gasterostei,    Basset-Smith,    Proc.    Zool.    Soc. 

London  (April  1899),  p.  444. 

Description  of  the  Female. — The  cephalothorax  is  considerably  dilated 
on  the  dorsal  aspect,  so  that  when  viewed  from  the  side  or  from  above  it 
appears  to  be  almost  spherical;  abdomen  short  (tig.  1).  The  specimen 
represented  by  the  figure  carried  two  ovisacs,  which  were  large  in 
proportion  to  the  animal. 

The  autennules  (fig.  2)  are  very  short,  moderately  stout,  and  five- 
jointed  ;  the  two  end  joints  are  each  rather  shorter  than  any  of  the  other 
three,  and  they  are  all  sparingly  setiferous ;  the  formula  shows  approxi- 
mately the  proportional  lengths  of  all  the  joints — 

Proportional  lengths  of  the  joints,    16  •  10  •  11  •  7  '  8 
Numbers  of  the  joints,  1    •  2   •   3   •  4  •  6 

The  antennsB  are  short  and  stout,  and  are  each  provided  with  a  strong 
terminal  claw  (fig.  3). 

The  mandibles  appeared  to  have  a  bilobed-pectinated  biting  part,  but 
owing  to  the  structure  of  the  Copepod  these  organs  were  somewhat 
difficult  to  dissect  out ;  the  maidllse  were  also  somewhat  obscure. 

The  anterior  foot-jaws  (1st  maxillipedes)  are  simple,  and  provided  with 
one  or  two  small  setae.  The  posterior  foot-jaws  (2nd  maxillipedes)  have 
an  enlarged  basal  part  to  which  is  articulated  a  more  slender  curved  arm 
bearing  a  few  strong  apical  spines  (fig.  4). 
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The  first  three  pairs  of  thoracic  feet  have  both  branches  apparently 
three-jointed,  but  the  outer  branches  are  rather  shorter  than  the  inner 
ones  (tig.  5  represents  the  first  pair).  In  the  fourth  pair,  the  first  two 
joints  of  the  outer  branches  appear  to  be  coalescent,  so  that  they  seem  to 
be  only  two-jointed,  but  the  inner  branches,  as  in  the  preceding  three 
pairs,  are  three-jointed  (fig.  6).  The  abdomen  is  short  but  moderately 
stout;  in  the  adult  female  it  seems  to  be  shorter  than  it  really  is,  from 
being  partly  hidden  by  the  enlarged  cephalo thorax ;  the  first  abdominal 
segment  is  rather  broader  than  the  next  and  is  longer  than  the  entire 
length  of  all  the  others ;  the  caudal  segments  are  short  and  the  principal 
furcal  aetse  are  stouter  and  much  more  elongated  than  those  adjacent. 

Length  about  'Smm.  (^  of  an  inch). 

Habitat, — Found  adhering  to  the  inner  surface  of  the  gill-covers  of  a 
three-spined  stickleback  (Gasterostetis  acideatus),  captured  in  Sinclair 
Loch,  Barra,  Outer  Hebrides,  in  May  1894 ;  and  on  another  taken  in  the 
River  Forth,  near  Alloa,  February  1896.  The  same  species  of  Copepod 
was  also  found  on  the  inside  of  the  giU-covers  of  a  fifteen-spined  stickle- 
back {Gasterosteus  i<pinachia),  captured  in  Loch  Etive  in  May  1896. 

Remarks, — This  Copepod  has  by  some  writers  been  ascribed  to  the 
genus  Ergasilus,  but  it  does  not  fit  in  very  readily  with  the  characters  of 
that  genus.  The  typical  Ergasilus  has  the  body  moderately  elongated, 
^  whereas  in  the  present  form  the  body  is,  except  for  the  short,  abdomen, 

not  only  short  but  almost  spherical  in  general  appearance.  I  therefore 
agree  with  Dr.  Canu's  restoration  of  Pagenstecher's  generic  name, 
TkersiteSy  for  this  species. 

Fam.  Calioid^ 

The  Caligidse  contain  a  much  larger  number  of  genera  and  species 
than  any  other  of  the  seven  families  amongst  which  the  Copepod 
parasites  of  fishes  have  been  arranged.  According  to  Dr.  Basset-Smith, 
the  number  of  genera  belonging  to  the  Caligidae  is  (exclusive  of  Nogagus) 
25,  while  the  number  of  species  is  124.  Two  of  the  genera — Coligvs  and 
LepeopJUheints — contain  49  and  26  species  respectively,  or  75  in  all,  which 
is  fully  three-fifths  of  the  total  number  belonging  to  the  whole  family.  As 
for  Nogagus,  no  female  Copepod  which  could  satisfactorily  be  ascribed  to 
this  genus  has  ever  been  observed,  and  students  of  the  Copepoda  are  now 
of  opinion  that  the  various  "  species  "  of  Nogagus  are  really  the  males  of 
species  belonging  to  other  genera,  i.e. :  PaiidarttSy  Dinematura,  etc. 

St^enstrup  and  Llitken,  in  their  valuable  memoir  on  Copepod  parasites 
of  fishes,*  include  under  Caligtis  the  species  belonging  to  that  genus  and 
also  those  belonging  to  Lepeophtheints.  The  various  forms  belonging  to 
these  two  groups  have  a  close  resemblance  to  each  other,  not  only  in  their 
general  appearance,  but  also  in  their  structure ;  but  there  are  two  characters 
by  which  the  species  belonging  to  the  one  group  are  easily  separated  from 
those  belonging  to  the  other ;  these  characters  are  the  presence  or  absence 
of  sticking  disks  or  lunula'  on  the  frontal  plates,  and  the  unifid,  or  bifid 
form  of  the  appendages  described  by  Steenstrup  and  Liitken  as  palpi. 
In  CaligvSf  hmulas  are  always  present  and  the  paJpi  are  unifid,  in 
Lepeophtlieirus,  on  the  other  hand,  lunulm  are  always  absent  and  the 
palpi  are  bifid.  The  importance  to  be  attached  to  these  differences  is,  of 
course,  very  much  a  matter  of  opinion,  and  Lepeophtheirus  will  by  authors 
take  its  place  as  a  "genus"  or  be  reduced  to  a  synonym  of  CcUigus, 
according  to  the  value  they  place  on  these  differences.  In  the  present 
paper  I  follow  Dr.  Baird  and  Dr.  Basset-Smith  in  regarding  the  two  as 
distinct  genera. 

*  Seerskilt  aftrykt  Kongl.  Danske  VideiiBk-Selsk .  Skriftor,  5te  R^ckke  Naturh.    o. 
Mathemat.  Afdel.  5te  Bind. 
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Genus  (Migm,  0.  F.  Miiller  (1785). 
(1)  Abdomen  in  the  female  composed  of  one  segment. 

The  general  outline  of  the  body  is  more  or  less  oval  and  greatly 
depressed.  iMntdcB,  or  '*  sucking  disks,"  are  present  on  the  frontal  plates ; 
the  palpi  are  thorn-like,  and  end  in  a  single  point.  Fourth  pair  of 
thoracic  feet  one-branched. 

Caligu8  curtus,  MuUer.     (PI.  V.,  figs.  8-12.) 

1785.        Caligus    curtus,    MtQler,    Entomostraca,    p.    130,   Fl. 

XXI.,  fig.  1. 
1850.     Caligus  miilleri  (?)  and  diaphanus,  Baird,  Brit.  Entom., 

pp.  271  and  269.* 

The  Caligus  miilleri  and  probably  also  CcUigus  diaphanus  of  Dr. 
Baird's  *'  Entomostraca "  are,  according  to  Stoenstrup  and  LUtken, 
synonymous  with  Caligus  curtua  (MUller),  and  this  seems  to  be  also  the 
opinion  of  recent  writers  on  this  group  of  Copepods.  In  view  of  this, 
however,  it  may  be  noted  that  in  most,  if  not  in  all,  the  other  species  of 
Caligus  and  Lepeophtheirus  the  male  is  usually,  and  sometimes  consider- 
ably, smaller  than  the  female ;  but  the  Caligus  diaphanus  of  Baird, 
which  is  considered  to  be  the  male  of  Caligus  curtus  (Miiller),  is  frequently 
very  much  larger  than  the  ovigerous  females  of  that  species.  Some 
species  are,  however,  subject  to  more  variation  than  others,  and  this  may 
account,  partly  at  least,  for  the  difference  in  size. 

Caligus  curtus  is  not  only  a  common  species,  but  may  be  found  on 
various  kinds  of  fishes,  including  several  species  of  GaduSy  ling,  hake, 
torsk,  plaice,  and  other  fiat-fishes  ;  the  grey  and  the  long-nosed  skate,  etc. 

A  certain  amount  of  variableness  in  size  and  general  appearance  is 
observable  amongst  the  different  specimens  that  have  been  examined  ; 
but  the  difference  was  not  greatly  in  excess  of  that  which  has  been  noticed 
in  specimens  belonging  to  some  of  the  other  species. 

Caligus  rapax^  M.-Edw.     (PL  V.,  figs.  13-19.) 

1840.     Caligus  rapaxy  M.-Edw.,  Hist.  Nat.  Crust.,  vol.  iii.,  p.  453, 

PI.  XXXVIII.,  fig.  9. 
1850.     Caliqus  rapax,  Baird,  op.  cit.,  p.  270,  PI.  XXXII.,  figs. 

2  and  3. 

This,  like  Caligus  curtusj  is  one  of  the  more  common  species,  but  it 
differs  from  most  other  Caligiy  at  least  to  some  extent,  in  being  much 
more  commonly  obtained  as  a  frees wimmer  in  the  open  sea.  We 
frequently  find  Caligus  rapax  in  tow-net  gatherings,  collected  both  at  the 
surface  and  at  the  bottom.  Ovigerous  females  are,  however,  not  so 
commonly  met  with  as  males  and  young  females.  But  though  it  is 
apparently  more  of  a  free-swimmer  in  its  habits  than  others,  and  also 
perhaps  because  of  this,  Caligus  rapax  is  found  on  even  a  larger  variety 
of  fishes  than  Caligus  curtus.  There  is  scarcely  a  fish  in  our  seas  on  which 
this  Caligus  may  not  at  one  time  or  another  be  found. 

Like  Caligus  curtus,  this  species  also  exhibits  a  certain  amount  of 
variation  in  the  forms  and  sizes  of  males  and  ovigerous  females,  but  it  is, 
if  anything,  more  marked  in  the  latter.  Some  females  with  ova  from  a 
large  grey  skate  varied  from  5'lmui.  to  6'lmm.  in  total  length  ;  while  the 
length  of  the  abdomen  in  the  same  specimens  varied  from  0*7mm.  to  I'lmm. 
Some  difference  was  also  observed  in  these  specimens  in  the  breadth  of 
the  last  segment  of  the  thorax.     Two  apparently  adult  males  obtained  on 

•For  other  synonyms,  aee  Basset-^nith's  "  Systematic  Doscriptioii "  already  referred  to* 
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the  same  fish  with  the  females  show  a  difference  of  at  least  0'7mm.  in 
total  length.  These  differences  are  more  clearly  exhibited  in  tabular  form 
as  follows : — 

Yabiation  in  Size  of  Caligus  rapax  from  Rata  batis. 


Total  length  from  fore- 
head to  the   end  of 
the  caudal  f urea, 

Female  Specimens. 

Male  SpeoimenB. 

No.  1.      No.  2.      No.  8.      No.  4. 
5*2mm.    6'lmm.    6*2mm.    6*lmm. 

No.  1.        No.  2. 
8*8mm.    4*5mm. 

Length  of  abdomen, 

*7mm.      *8mm.      *8mm.    I'lmm. 

•  ••                     •  •• 

Breadth  of  last  thoracic 
B^fment,    • 

*8mm.      *8mm.    I'Omm.    I'lmm. 

•••                     ••• 

Though  the  length  of  these  female  specimens  Varied  to  the  extent  of  a 
full  millimetre,  there  appeared  to  be  no  structural  difference  of  any 
importance.  Perhaps  it  may  be  noted  in  passing  that  fig.  2,  PI. 
XXXII.,  in  Dr.  Baird's  work  represents  a  young  female  and  not  a 
male — an  error  due  no  doubt  to  an  oversight  on  the  part  of  the  artist. 

(2)  Abdomen  composed  of  two  segments. 
Caltgtts  diaphanvs,  Nordmann.     (PL  V.,  figs.  20-25.) 

1832.      Caliyus  diaphanuSy  Nord.,  Mikrog.   Beitrage,  ii.,  p.  26 

{non  C.  diaphanuSy  Baird). 
1894.     Callous  isonyx,  T.  Scott,  Twelfth  Ann,  Rept,  Fish,  Board 

f(yr  Scot,  (III.),  p.  310. 
1896.     Galigtcs  diaphanvs^  Basset-Smith,  Journ.  M.   B.    Assoc, 

Plymouth,  p.  156. 

Both  male  and  female  of  this  species  have  the  abdomen  two-jointed. 
The  species  is  a  small  one ;  the  female  specimen  represented  by  the 
drawing  (fig.  20)  is  only  about  4'4mm.  in  length  ;  the  abdomen  is 
moderately  elongate,  being  about  one-fourth  of  the  entire  length  of  the 
animal ;  the  last  abdominal  segment  is  small  but  quite  distinct.  The 
lateral  margins  of  the  last  thoracic  segment  are  convexly  and  evenly 
rounded,  but  posteriorly  this  segment  is  abruptly  truncate,  and  is  also 
not  much  longer  than  the  abdomen. 

The  antennas  (posterior  antennae)  are  moderately  short  and  armed 
each  with  a  strongly  but  evenly  hooked  claw.  The  mandibles  are 
slender  and  elongated,  and  the  last  joint  is  distinctly  serrated  on  the 
inner  edge  (fig.  22).  The  posterior  foot-jaws  are  robust,  and  furnished 
with  strong  terminal  claws  ;  the  penultimate  joint  is  also  produced  near 
the  base  of  the  inner  margin  into  a  stout  triangular  tooth  (fig.  24).  The 
sternal  fork  has  moderately  long  and  slightly  divergent  branches  (fig.  23). 
The  apices  of  the  pa^pl  are  single  and  spine-like. 

The  fourth  pair  of  thoracic  feet  are  moderately  stout ;  the  branches  are 
distinctly  three-jointed,  and  carry  five  moderately  long  setae  (fig.  25). 
There  is  also  on  the  last  thoracic  segment  what  appears  to  be  a  fifth  pair 
of  feet,  each  of  which  consists  of  a  minute  sub-triangular  one-jointed 
appendage  bearing  a  few  small  setae.     The  caudal  segments  are  very  short. 

In  the  male  the  abdomen  consists  of  two  sub-equal  segments ;  the  last 
thoracic  segment  is  narrow  and  not  much  wider  than  the  abdomen.  The 
aiitennse  appear  to  differ  slightly  from  those  of  the  female,  especially  in 
possessing  a  supplementary  tooth  near  the  base  of  the  terminal  claw. 
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Habitat. — Our  specimens  of  this  species  were  obtaiDed  in  the  gill- 
cavity  of  Trigla  gurnardus  from  the  Firth  of  Forth,  the  Firth  of  Clyde, 
and  at  Aberdeen  Fish  Market ;  also  on  Trigla  lineata  from  the  Clyde, 
and  on  a  specimen  of  Trigla  hirundo  in  the  collection  of  fishes  in  the 
Laboratory  at  Bay  of  Nigg. 

Genus  Lepeophthetrtis,  Nordmann  (1832). 

The  species  belonging  to  this  genus  are,  in  their  general  form,  very 
similar  to  Caligus,  but,  as  already  said,  there  are  no  lunuke  on  the  frontal 
plates,  and  the  palpi  are  furcate  instead  of  being  simple  and  spine-like. 
Six  or  seven  species  belonging  to  this  group  have  been  obtained  on  fishes 
examined  by  me. 

(1)  Abdomen  composed  of  one  segment. 
LepeapJifkeirus  pectoralis  (Miiller).     (PL  V.,  figs.  26-31.) 

1776.      Lemea    pectoralis,    Miiller,    Zool.     Dan.,    p.    41,    PI. 

XXXIIL,  fig.  7. 
1850.      Lepeophtheirus  pectoralis,  Baird.,  Brit.  Entom.,  p.  275, 

PI.  XXXII.,  fig.  10. 

The  specimen  of  Lepeophtheirtis  pectoralis  represented  by  the  figure  on 
Plate  V.  (fig.  26)  measures  about  five  millimetres  (one-fifth  of  an  inch)  in 
length ;  the  cephalic  shield  is  nearly  circular ;  the  last  segment  of  the 
thorax  is  large  and  sub-quadrate,  but  its  lateral  margins  are  very  slightly 
curved  ;  the  abdomen  is  short,  and  somewhat  constricted  near  the  middle, 
so  that  in  certain  positions  it  appears  as  if  it  were  composed  of  two 
segments ;  the  caudal  segments  are  very  short. 

The  antennae  (posterior  antennae)  are  provided  with  strong  terminal 
hooked  claws.  The  mandibles,  which  are  small  and  slender,  have  the 
inner  edge  of  the  distal  joint  distinctly  toothed  (fig.  28).  The  posterior 
foot-jaws  are  strong,  and  they  are  armed  with  stout,  curved  terminal 
claws.  In  the  sternal  fork  the  branches  become  dilated  in  the  middle 
then  taper  to  a  point  at  the  end  (fig.  29).     The  palpi  are  furcate. 

The  fourth  pair  of  thoracic  feet  have  the  branches  two-jointed,  and  are 
provided  with  three  terminal  setae,  and  there  is  also  a  small  seta  or  spine 
on  the  outer  distal  angle  of  the  first  joint.  The  fifth  pair,  which  consist 
of  small  but  comparatively  broad  lamelliform  plates,  provided  with  two 
or  three  minute  terminal  hairs,  are  situated  behind  the  bases  of  the 
ovisacs,  and  are  therefore  easily  missed. 

The  male  (fig.  27)  is  little  more  than  half  the  size  of  the  female,  but 
the  cephalic  shield  is  proportionally  larger ;  the  last  segment  of  the  thorax 
is  small.  In  the  male  antennae  the  basal  joint  is  rather  more  dilated 
than  in  that  of  the  female,  while  the  terminal  claw  is  smaller  and  more 
strongly  hooked. 

This  is  one  of  the  more  common  and  easily  identified  speQ^es  of 
Lepeophtheirus.  The  peculiar  form  of  the  sternal  fork,  the  small  fourth 
pair  of  thoracic  feet,  and  the  short  abdomen  seem  to  be  fairly  good  specific 
characters.  Slight  differences  in  the  general  form  of  the  animal  and  in 
some  of  its  structural  details  are  occasionally  observed,  especially  in 
specimens  from  different  fishes,  such  as  the  plaice  and  the  flounder. 

Habitat. — Found  for  the  most  part  adhering  to  the  underside  of  the 
pectoral  fins  of  plaioe,  Pleuronectes  platessa,  from  the  Firths  of  Forth 
and  Clyde,  and  at  the  Fish  Market  at  Aberdeen ;  on  flounders,  Pleuronectes 
flesusy  from  the  Firth  of  Forth  and  the  Moray  Firth ;  and  on  common 
dabs,  Pleuronectes  limanda,  from  the  Firth  of  Forth. 
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Lei7€ophtJieiru8  nordmanni  (M.-Edwards).     (PI.  V.,  figs.  32-37.) 

1840.     Caligus  nordmannti,  M.  Edw.,  Hist.  Nat.  Crust.,  vol.  iii., 

p.  455,  No.  10. 
1850.     LepeopMlieirus  nordmannti,  Baird,  Brit.  Entom.,  p.  275, 

PL  XXXII.,  fig.  10. 

This  is  a  moderately  large  species;  the  specimen  represented  by  the 
figure  measures  about  half-au-inch  in  length  (12  mm.).  The  cephalic 
shield  is  of  an  oval  form  and  is  distinctly  larger  than  the  last  segment 
of  the  thorax.     The  abdomen  f^  short  (fig.  32). 

The  mandibles  in  this  species  are  long  and  slender,  but  the  last  joint 
is  comparatively  short,  and  has  a  short  serrated  margin  (fig.  34).  The 
branches  of  the  sternal  fork  are  long  and  somewhat  slender ;  they  are 
also  to  some  extent  divergent  (fig.  35).  The  posterior  foot-jaws  are  large 
and  armed  with  long  terminal  claws. 

The  branches  of  the  fourth  pair  of  the  thoracic  feet  are  three-jointed, 
and  are  provided  with  five  setse,  three  of  which  spring  from  the  apex  of 
the  last  joint,  and  one  from  the  outer  distal  angle  of  the  first  and  second 
joints  (fig.  37).  The  fifth  pair,  which  have  a  sub-triangular  outline,  are 
broadly  foliaceous. 

Habitat. — On  a  short  sun-fish,  Orthagoriscus  mola,  landed  at  Aberdeen 
Eish  Market  on  1st  September  1899.      One  specimen  only  was  obtained. 

Remarks. — The  abdomen  of  this  specimen  of  Lepeophtheirus 
nordmanni  obtained  by  me  appeared  to  be  rather  more  elongated  than 
that  which  is  represented  in  Dr.  Baird's  figure.  He  also  describes  the 
branches  of  the  sternal  fork  as  **  sbarp-pointed,"  but  in  our  specimen  the 
branches,  though  slender,  are  somewhat  blunt  at  the  ends. 

Lepeapktheirus    hippoglossi    (Kroyer).      (PI.   V.,  figs.  38-42;   PI.  VI., 
figs.  1-2.) 

1838.     Caligus  hippoglossi,   Kroyer,    Naturh.    Tidsskrift,    R.   i., 

vol  i.,  p.  625,  PL  VI.,  fig.  3. 
1850.     LepeopMheirus  hippoglossi,  Baird,  Brit  Entom.,  p.  276, 

PL  XXXII.,  figs.  1-2. 

The  ovigerous  female  represented  by  the  drawing  (PL  V.,  fig.  38) 
was  rather  more  than  half-an-inch  in  length  (about  13*5  mm.).  The 
cepalic  shield  was  large  and  of  an  oval  outline,  but  the  last  segment  of 
the  thorax  was  comparatively  small  and  narrow,  and  rather  longer  than 
broad.  The  abdomen  was  small,  and  slightly  constricted  near  the 
posterior  end.     The  caudal  segments  were  very  short. 

In  this  species  the  mandibles  are  long  and  slender,  though  scarcely  so 
much  so  as  those  of  Ijipeophtheinis  nordmanni.  The  sternal  fork  diffei-s 
from  that  of  any  of  the  other  Lepeophtheirus  recorded  here  in  having 
each  of  the  two  branches  distinctly  biped  (fig.  2,  PL  VI.).  The  fourth 
pair  of  thoracic  feet  have  the  branches  three-jointed  and  furnished  with 
four  set®,  three  at  the  apex  and  one  on  the  outer  distal  angle  of  the 
second  joint  (fig.  41,  PL  V.).  The  fifth  pair  consists  of  small  triangular 
plates  situated  behind  the  bases  of  the  ovisacs. 

In  the  adult  male  (fig.  39,  PL  V.)  the  last  thoracic  segment  is  very 
small,  and  the  fifth  pair  of  feet  are  more  or  less  exposed.  The  male  is 
also  much  smaller  than  the  female,  being  scarcely  half  as  long.  In  the 
male  the  antennae  appear  to  be  also  somewhat  different  from  those  of  the 
female,  the  basal  joint  is  more  dilated  and  the  terminal  claw  is  more 
strongly  hooked. 

Habitat, — Taken  on  the  backs  of  large  halibut,  Hippoglossus  vulgaris, 
lauded  at  Aberdeen  Fish  Market  during  the  summer  and  autumn  of 
1899. 
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This,  like  other  species  of  Lepeophfkeirus,  exhibits  a  certain  amount  of 
variation,  but  full-grown  specimens  may  usually  be  distinguished  by  the 
form  of  the  ventral  fork.-  L.  hippoglossi  appears  to  be  found  principally 
on  the  halibut,  and  is  not  uncommon.  I  have  found  a  slightly  immature 
specimen  on  a  torsk,  Bromiius  brosme,  in  Aberdeen  Fish  Market,  but 
probably  it  had  been  accidentally  transferred  to  the  torsk  by  contact  of 
that  fish  with  a  halibut. 

LepeophtJieirus  thompsoni,  Baird.     (PL  V.,  figs.  43-45.) 

1850.     Lepeophtheirus  thompsoniy   Baird,   op.  cit.,  p.   278,   PI. 
XXXIIL,  fig.  2. 

1899.     Lepeophtheirua  thompsoniy  Basset -Smith,  Proc.  Zool.  Soc. 
Lond.  (April  1899),  p.  455. 

This  is  a  smaller  species  than  the  last ;  the  female  represented  by  the 
drawing  (fig.  43)  is  about  one-third  of  an  inch  (8*5  mm.)  in  length. 
In  this  species  the  last  segment  of  the  thorax  is  sub-quadrate  in  outline, 
rather  longer  than  broad,  and  increases  slightly  in  width  posteriorly. 
The  abdomen  is  elongated,  and  its  thickness  increases  to  a  slight  extent 
for  a  short  distance  beyond  the  middle,  when  a  slight  decrease  begins  and 
where  also  a  small  constriction  is  sometimes  visible.  The  caudal  segments 
are  very  short 

The  antennse  of  LepeapJifheirus  thompsoni  are  armed  with  stout  and 
strongly-hooked  claws  (fig.  45).  The  mandibles  are  somewhat  similar  to 
those  of  Lepeophtheirua  pectoralis.  The  sternal  fork  is  also  somewhat 
like  that  of  the  same  species,  but  the  branches  of  the  fork  are  scarcely  so 
much  dilated  (fig.  44).  Tiie  fourth  pair  of  thoracic  feet  are  distinctly 
three-jointed,  and  moderately  stout;  they  each  bear  three  terminal  set«, 
and  a  seta  or  spine  at  the  outer  distal  angle  of  the  first  and  second  joints, 
but  that  on  the  first  joint  is  very  minute.  The  fifth  pair,  which  are  oval 
in  outline,  are  very  small  and  situated  below  and  slightly  anterior  to  the 
bases -of  the  ovisacs. 

Habitat, — On  the  gills  of  turbot,  Bothus  rruiximus,  captured  in  the 
Firth  of  Forth,  the  Firth  of  Clyde,  and  on  the  gills  of  turbot  examined 
in  the  Fish  Market  at  Aberdeen. 

Lepeophtheirua  atromi,  Baird.     (PI.  VI.,  figs.  3-8.) 

1847.     Caltgua  stromii,  Baird,  Trans.  Berw.  Nat.  Club  (1847). 

1850.     Lepeophtheirua  atromii,  Baird,  Brit.  Entom.,  p.  274,  PI. 
XXXII.,  figs.  8  and  9. 

We  have  obtained  this  copepod  on  salmon,  Salmo  aatar,  captured  in 
Montrose  Bay  and  Bay  of  Nigg  (Aberdeen).  I  have  seen  no  specimens 
from  the  Firth  of  Forth  or  the  Firth  of  Clyde,  but  they  will  doubtless  be 
found  on  salmon  captured  within  these  estuaries  as  well  as  elsewhere. 

Lepeophtheirua  atromi  has  the  abdomen  proportionally  rather  more 
elongated  than  that  of  L,  thonipaoni^  and  the  ovisacs  are  usually  very 
long  and  slender.  The  dorsal  surface  in  this  species  has  a  curious  metallic 
lustre,  different  from  most  of  the  others  of  the  same  genus.  Males 
appear  to  be  comparatively  scarce. 

The  branches  of  the  sternal  fork  are  moderately  short  and  stout,  and 
are  broadly  rounded  at  the  ends  (fig.  5).  The  fourth  pair  of  thoracic  feet 
have  the  branches  three-jointed  and  provided  with  four  short  set® ;  the 
outer  distal  angle  of  the  first  joint  is  apparently  not  provided  with  a  seta 
in  this  species,  but  is  simply  rounded.    The  fifth  pair  of  feet  are  broadly 
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sulvtriangular,  and  have  three  small  terminal  hairs  arranged  as  sliown  on 
the  figure. 

Figure  8  represents  a  young  specimen  newly  hatched. 

Lepeophtheirus  pollarJiti,  Basset-Smith.    (PI.  VI.,  figs.  9-15.) 

1896.      Lepeophtheirus  pollachius,  Basset-Smith,  Ann.  and  Mag. 

Nat.  Hist.  (6),  vol.  xviii.,  p.  12,  PI.  IV.,  fig.  1. 
1899.      Lepeophtheirus  poUachii^  Basset-Smith,  Proc.  Zool.  Soc., 

Lond.  (April  1899.) 

The  length  of  the  specimen  represented  by  the  drawing  (fig.  9)  if  about 
three -tenths  of  an  inch  (7 '5mm.).  The  cephalic  shield  is  subnorbicular, 
but  the  last  segment  of  the  thorax  is  sub-quadrate,  and  is  nearly  as  large 
as  the  cephalic  shield ;  this  segment  also  slightly  increases  in  width 
towards  the  posterior  end.  The  abdomen  is  about  as  long  as  the  last 
thoracic  segment,  and  tapers  somewhat  towards  the  extremity.  The 
caudal  segments  are  of  moderate  size. 

The  antennae  are  armed  with  moderately  large  terminal  claws  strongly 
hooked  at  the  end.  The  mandibles  are  elongate  and  slender ;  the  last 
joint,  which  is  short  and  about  as  broad  as  the  preceding  one,  is  serrated 
on  the  inner  edge.  The  sternal  fork  has  moderately  short  and  simple 
divergent  branches,  and  resembles  the  letter  V  inverted  (fig.  13).  Ihe 
posterior  foot-jaws  are  stout,  and  provided  with  strong  terminal  claws. 
The  branches  of  the  fourth  pair  of  thoracic  feet,  which  are  three-jointed, 
are  moderately  elongated  and  slender ;  three  spiniform  setse  spring  from  the 
end  of  the  third  joint,  while  the  first  and  second  joints  are  each  provided 
with  a  seta  or  spine  on  the  outer  distal  angle  (fig.  15).  The  fifth  feet  are 
small,  sub-quadrate,  and  bear  each  three  small  apical  set®. 

The  male  is  about  as  long  as  the  female,  but  the  last  segment  of  the 
thorax  is  very  small ;  the  abdomen  is  composed  of  two  sub-equal  segments 
(fig.  10).  The  antennae  and  the  posterior  foot-jaws  of  the  made  also 
differ  to  some  extent  from  those  of  the  female. 

Habitat. — Our  specimens  were  obtained  adhering  to  the  inside  of  the 
mouth  of  a  lythe,  Gadua  poUachitts,  caught  in  the  salmon-nets  in  Bay  of 
Nigg,  Aberdeen,  June  22nd,  1899. 

This  species  appears  to  develop  moderately  long  ovisacs. 

(2)  Abdomen  composed  of  two  segments. 
Lepeophtheirus  (?)  ohscurus  Baird.    (PL  VI.,  figs.  16-19.) 

1850.     Lepeophtheirus  ohscurus^   Baird,   Brit.  Entom.,  p.   277, 

PI.  XXXII.,  fig.  11. 
1896.      Caligua   obscurus,   Basset-Smith,   Ann.  and  ^lag.  Nat. 

Hist  (6),  vol.  xviii.,  PI.  IV.,  fig.  2  ;  Journ.  M.  B.  Assoc. 

Plymouth  (1896),  p.  157. 
1899.     Lepeophtheirus  ohscurus,  Basset-Smith,  Proc.  Zool.  Soc. 

Lond.  (April  1899),  p.  456. 

The  length  of  the  female  specimen  represented  by  the  drawing  (fig.  16) 
is  about  one-fourth  of  an  inch  (8*2mm.).  The  cephalic  shield  is  sub- 
orbicular,  but  rather  longer  than  broad.  The  last  segment  of  the  thorax  is 
about  two-thirds  of  the  length  of  the  cephalic  shield,  and  of  a  sub- 
cylindrical  form,  and  its  posterio-lateral  angles  are  produced  into  boldly- 
rounded  lobes.  The  abdomen  is  in  length  equal  to  about  three-fourths  of 
the  length  of  the  last  segment  of  the  thorax,  and  is  distinctly  jointed  near 
the  posterior  end.     The  caudal  segments  are  very  small. 

The  antenuse  are  armed  with  large  and  strongly-hooked  terminal  claws 
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(fig.  17).  ^  The  mandibles  somewbab  resemble  those  of  LepeopMheinis 
peetoralts.  The  sternal  fork,  which  appears  to  vary  to  some  extent,  has 
moderately  stout  bran  ches;  these  branches  are  somewhat  dilated  in  the  middle 
and  slightly  divergent  (fig.  18).  The  branches  of  the  fourth  pair  of  thoracic 
feet  appear  to  be  only  two- jointed,  like  those  of  L.pedorcUis  ;  each  branch 
is,  for  the  most  part,  provided  with  five  setie  arranged  as  shown  in  the 
drawing  (fig.  19),  but  some  specimens  want  the  marginal  seta  on  the  end 
joint;  the  seta  at  the  outer  distal  angle  of  the  first  joint  is  a  very  small 
one.  The  fifth  pair  are  broadly  foliaceous,  and  situated  beneath  and 
slightly  anterior  to  the  basal  part  of  the  ovisacs. 

No  males  have  been  observed. 

Habitat — On  the  gills,  inside  gill-covers,  and  under  the  pectoral  fins  of 
brill,  Bothus  rhomlm§,  captured  in  the  Firth  of  Forth  and  the  Firth  of 
Clyde. 

It  is  very  doubtful  if  the  copepod  described  here,  or  the  one  described 
under  the  same  name  by  Dr.  Basset-Smith,  be  the  Lepeophtlieirus  obscurus 
of  Dr.  Baird*s  monograph.  The  copepod  described  by  Dr.  Baird  as 
LepeoiMheirus  obscui^tis  was  a  male,  and  was  probably,  as  he  himself 
suggests,*  a  male  of  Lepeophtheirua  hippoglossi.  •  Figure  39,  Plate  V.,  of 
the  present  paper  represents  an  adult  male  of  Lepeophtheirus  hippoglossi, 
and  if  Dr.  Baird's  figure  of  L,  obscurus  be  compared  with  it  the 
resemblance  between  them  will  be  seen  to  be  very  close.  Moreover,  Dr. 
Baird,  in  describing  Lepeophtheii'us  obscurus,  says  : — "  Abdomen  small ; 
not  more  than  one-third  the  size  of  last  ring  of  thorax.  .  .  .  Sternal 
fork  well  developed,  each  branch  being  bifurcated,  the  inner  branch  being 
much  smaller  than  the  other."  All  this,  as  well  as  the  remaining  parts 
of  the  description,  agrees  exactly  with  what  we  see  in  the  male  of 
Lepeophtheirus  hippoglossi. 

The  Lepeophtheirus  from  the  brill,  described  in  the  preceding  notes, 
resembles  L,  thompsoni  to  some  extent,  and  may  probably  be  only  a  form 
of  that  species.  It  seems  to  differ,  however,  in  having  a  somewhat  longer 
abdomen ;  in  having  the  abdomen  more  distinctly  segmented ;  in  the 
sternal  fork  being  rather  different  in  form ;  and  in  the  form  of  the  fifth 
thoracic  feet  being  slightly  different. 

Dr.  Basset-Smith  describes  the  sternal  fork  of  his  Lepeophtheirtis 
obscurus  as  having  bifurcating  branches,t  but  in  some  other  respects  as 
closely  resembling  L.  thompsoni.  If  the  bifurcate  form  of  the  sternal  fork 
be  a  character  more  or  less  constant  in  Dr.  Basset-Smith's  specimens,  they 
are  likely  to  be  different  from  that  which  I  have  recorded,  and  that  not- 
withstanding their  otherwise  close  similarity  to  Lepeophtheirus  fliompsoni, 
for,  as  already  pointed  out,  though  the  form  of  the  sternal  fork  in  my 
specimen  varies  to  some  extent,  in  none  of  those  examined  has  it  been 
observed  to  have  bifurcated  branches. 

The  male  specimen  described  by  Dr.  Baird  as  Lepeophtheirus  obscurus 
may,  in  view  of  what  has  been  stated  by  Dr.  Basset-Smith,  be  after  all  a 
distinct  species,  the  female  of  which  is  the  form  recorded  by  that  author, 
and,  if  that  be  so,  we  have  here  another  example  of  the  want  of  uniformity 
between  the  sexes  of  the  same  species,  which  is  sometimes  observed 
amongst  the  parasitic  Copepoda.  This  disparity  between  the  sexes,  how- 
ever, is,  I  think,  of  less  frequent  occurrence  amongst  Caligus  or 
Lepeophtheirus  than  it  is  amongst  some  of  the  other  groups.  If,  for 
example,  the  female  Caligus  or  Lepeophtlieirtis  be  distinguished  by  a 
short  or  a  long  abdomen,  the  male  of  the  same  species  to  which  the 
female  belongs  has  usually,  though  perhaps  not  in  every  case,  the  abdomen 

♦  Brit.  Entom.,  p.  363. 

t  Journ,  M,  B,  Atsoc.,  PlymwUh  (April  1899),  p.  168. 
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correspondingly  short  or  long.  Now,  in  regard  to  the  forms  under  con- 
sideration, it  will  be  observed  that  the  females  of  Dr.  Basset-Smith's 
Lepe<yphtheiru8  ohscurus  have  the  abdomen  moderately  long  and  two- 
jointed,  whereas  Dr.  Baird's  male  has  a  "  small  abdomen  "  consisting  of 
one  segment.  It  may  be  that,  notwithstanding  this  discrepancy,  the  two 
forms  belong  to  the  one  species  ;  but  I  am  inclhied  to  think  that  Dr. 
Baird's  own  suggestion — that  his  Lepeophtheirus  obscurus  is  the  male  of 
LepeopfitJieirus  hijppoglossi — is  after  all  the  correct  explanation  of  the 
difficulty. 

Genus  TreUus,  Kroyer  (1838). 

This  genus  resembles  Lepeophtheirus  in  its  general  configuration,  in  the 
absence  of  lujiulce  on  the  frontal  plates  and  in  the  possession  of  bifurcated 
palpi.  On  the  other  hand,  the  most  distinctive  and  obvious  diflference 
between  Trebius  and  Lepeophtheirus  is  that  in  the  former  the  fourth  pair 
of  thoracic  feet  are  furnished  with  two  branches  instead  of  only  one  branch, 
as  in  the  case  of  the  latter. 

The  only  species  belonging  to  this  genus  is  the  one  described  below. 

Trebius  caudatus,  Kroyer.     (PI.  VI.,  figs.  20  26.) 

1838.     Trebi'us  caudatus,  Kr.  Naturh.    Tidsskrift  (1838),   R.  i., 

vol.  ii.,  p.  30,  PI.  I.,  fig.  4. 
1850.     Trebius  caudatus,  Baiid,  op.  cit.,  p.  280,  PI.  XXXIIL, 

figs.  3,  4. 

In  the  female  of  this  species  the  cephalic  shield,  which  is  about  as  long 
as  the  entire  remaining  portion  of  the  thorax,  is  nearly  oval,  and  rather 
longer  than  broad.  The  last  segment  of  the  thorax  is  sub-cylindrical,  its 
breadth  being  equal  to  about  four-lifths  of  tho  length ;  the  posterio-lateral 
angles  are  rounded  and  fringed  on  the  po.«5terior  aspect  >vith  three  small 
but  stout  spines.  The  abdomen  is  long  and  slender,  and  composed  of  two 
segments  ;  a  slight  constriction  is  also  observable  towards  the  distal  end 
of  the  second  segment,  which  has  in  some  specimens  the  appearance  of  an 
additional  joint.     The  caudal  segments  are  small. 

The  antennae  (posterior  antennse)  are  armed  with  strongly- hooked 
terminal  claws  (fig.  22).  The  mandibles  are  somewhat  similar  to  those 
of  LepeopJitheiruSf  but  the  end-joint  appears  to  be  rather  stouter  than  the 
preceding  one,  and  is  distinctly  serrated  on  the  inner  margin  (lig.  24). 
The  po//^/  are  bifurcated,  but  the  inner  branch  of  each  palpus  is  rather 
shorter  than  the  other.  The  sternal  fork  is  small,  and  the  branches  are 
simple  and  comparatively  short  (fig.  23).  In  the  fourth  pair  of  thoracic 
feet  the  basal  joints  are  stout  aud  comparatively  short ;  both  of  the  three- 
jointed  branches  are  also  short,  but  the  outer  ones  are  armed  exteriorly 
with  five  moderately  stout  marginal  spines,  and  interiorly  with  plumose 
marginal  setss.  The  inner  branches  are  also  setiferous,  but  they  want 
the  exterior  marginal  spines. 

The  male  (fig.  21),  which  is  scarcely  half  the  length  of  the  female,  has 
the  fourth  thoracic  segment  very  small.  The  abdomen  consists  of  two 
segments,  and  is  of  moderate  length  ;  the  two  segments  are  somewhat 
unequal,  the  first  being  rather  shorter  than  the  other.  The  caudal  segments 
are  slightly  longer  than  those  of  the  female. 

The  length  of  the  female  specimen  figured  is  about  four -tenths  of  an 
inch  (10mm.).  In  another  specimen  of  about  the  same  length  the 
abdomen  measured  3mm.;  while  in  a  somewhat  larger  one,  the  entire 
length  of  which  was  11mm.,  the  abdomen  measured  4mm.  in  length,  or 
fully  two-thirds  the  entire  length  of  the  animal. 
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Habitat, — On  the  grey  skate,  Rata  batia,  from  the  Firth  of  Forth, 
the  Firth  of  Clyde,  aud  the  Moray  Firth,  and  on  specimens  of  the  same 
fish  brought  to  the  Fish  Market  at  Aberdeen.  I  found  Trebius  also  On  a 
specimen  of  thornback,  Rata  davata,  captured  in  the  Firth  of  Clyde  on 
April  22nd,  1897. 

Genus  Dinemaiura,  Latreille,  1829  (modified  by  Burmeister,  1831). 

Burmeister  objected  to  tho  form  of  the  word  "  Dinemoura  "  used  by 
Latreille,  and  changed  it  to  Dinematura.  This  change  in  the  form  of 
Latreille's  name  appears  now  to  be  generally  accepted  and  used. 

Dinematura  prodticta  (Miiller).     (PI.  VI.,  figs.  27-31.) 

1785.       Caligus  produdua,  Miiller,  Entom.,  p.  132,  PI.  XXI., 

fig.  3. 
1850.      Dinemoura  lamnce,  Baird,  op.  cit.,  p.  286,  PI.  XXXV., 

fig.  7. 

The  Dinemoura  (Dinematura)  lamnce  of  Baird's  monograph,  now 
identified  as  the  Caligua  produdua  of  Miiller,  has  been  obtained  by  me 
on  one  or  two  occasions  during  the  past  autumn  on  young  porbeagle 
sharks,  Lamna  comubica,  caught  in  the  North  Sea,  and  landed  at  the 
Fish  Market  at  Aberdeen.  The  larger  specimens  of  Dinematura 
measured  fully  four- fifths  of  an  inch  (20mm.)  in  length,  exclusive  of  the 
ovisacs,  which  were  long  and  slender  (fig.  27),  One  of  the  porbeagle 
sharks,  on  which  we  obtained  several  specimens,  was  about  three  feet 
three  inches  in  length. 

The  antennae  of  Dinematura  producta  (fig.  28)  are  armed  with  powerful 
hooked  terminal  claws.  The  mandibles  are  elongated  and  very  slender 
(fig.  29).  The  anterior  foot-jaws  (fig.  30)  are  moderately  stout,  and  each 
terminates  in  a  hook-like  apex  ;  a  short  but  stout  and  slightly  curved 
appendage  also  springs  from  the  inner  aspect,  and  near  the  distal  end  of 
the  penultimate  joint.  The  posterior  foot-jaws  are  short  and  stout,  and 
somewhat  rudimentary  in  structure. 

The  first  three  pairs  of  thoracic  feet  are  two-branched  and  somewhat 
similar  to  those  usually  observed  in  the  CaligidsB,  but  the  fourth  pair  are 
large  and  foliaceous.  The  caudal  segments  are  composed  of  broad  quad- 
rangular plates,  the  width  of  which  is  equal  to  about  two-thirds  of  the 
length ;  their  outer  margin  is  nearly  straight,  but  the  inner  is  gently  and 
evenly  convex  ;  the  apex  is  subtruncate,  and  bears  three  small  setae,  while 
a  fourth  seta  springs  from  a  notch  near  the  distal  end  of  the  outer  margin 
(fig.  31).     No  males  have  been  observed. 

The  characters  by  which  this  species  may  be  distinguished  include, 
amongst  others,  the  form  of  the  dorsal  plates,  the  abruptly-hooked 
antennsB,  the  structure  of  the  palpi  and  of  the  anterior  foot-jaws,  the  form 
of  the  fourth  pair  of  thoracic  feet,  and  of  the  caudal  furca. 

One  of  the  specimens  obtained  at  the  Fish  Market  at  Aberdeen 
measured  three  inches  (75mm.)  from  the  forehead  to  the  ends  of  the  long 
ovigerous  tubes. 

Genus  Edithrogaleua^  Steenstrup  and  LUtken  (1861). 
EcMhrogaleua  coleoptratua  (Gu^rin).     (PI.  VI.,  fig.  32.) 

1817.     Dinematura  coleoptrata,  Gu^rin,  Icon.   d.  leg.  Animal, 

vol.  iii.,  PI.  XXXV.,  fig.  6. 
1850.     Dinemoura  alata,  Baird,'^op.  cit.,  p.  285,  PI.  XXXIII., 

fig.  8. 

One  or  two  specimens  of  this  curious  little  species  were  found  adhering 
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to  tbe  fins  of  a  porbeagle  shark  brought  to  the  Fish  Market  at  Aberdeen.* 
The  specimen  figured  (fig.  32)  measured  from  the  front  of  the  head  to  the 
end  of  the  caudal  furca  about  seven-sixteenths  of  an  ioch  (11mm.),  and 
the  ovisacs,  which  were  slender,  were  fully  four  times  the  length  of  the 
body — about  two  and  one-quarter  inches  altogether. 

The  dorsal  plates  are  adorned  with  small  impressed  circular  marks, 
forming  a  more  or  less  regular  pattern,  and  this,  together  with  the  form 
of  the  plates,  gives  to  them  a  fairly  close  resemblance  to  the  elytra  of 
certain  coleopterous  insects.  This  species  appeared  to  be  less  frequent 
than  the  Dinematura  prodticta  already  recorded. 

Genus  CecropSy  Leach  (1816). 
Cecrops  latreilUi,  Leach. 

1816.     Cecrops   latreillii,   Leach,    Ency.    Brit.    SuppL,   vol.    i., 

p.  20,  figs.  1-5. 
1850.     Cecrops  latreiUii,  Baird,  op.  cit.,  p.  293,  PL  XXXIV.,  fig.  1. 
1892.     Cecrops    Idtreillii,    A.    Scott,    Trans.    Nat.    Hist.    Soo. 

Glasgow,  vol.  iii..  Part  III.,  p.  266. 

Several  specimens  of  Cecrops  were  obtained  on  a  short  sun-fish, 
Orthagorisctis  molay  captured  in  the  Firth  of  Forth  in  October  1890. 
They  were  found  adhering  to  the  gills  of  the  fish,  and  do  not  appear  to  be 
very  uncommon  on  this  species  of  Ortlmgoriscvs.  One  or  two  specimens 
were  taken  from  the  gills  of  a  sun-fish  captured  14  miles  east  from 
Lerwick,  Shetland,  on  17th  August  1893.  The  specimens  recorded  by 
Dr.  Baird,  which  were  obtained  on  sun-fishes  captured  at  different  parts 
of  the  coasts  of  England  and  Ireland,  were  also  taken  from  the  gills. 

Genus  Pandarus,  Leach  (1816). 

The  principal  generic  characters  of  Pandarus  are,  according  to  Dr. 
Baird,  as  follows  : — (1)  Several  pairs  of  lamellar,  elytraform  appendages. 
(2)  All  the  thoracic  feet  fitted  to  a  certain  extent  for  walking  and  armed 
near  their  extremities  with  short  and  thick  hooks.  There  appears  to  be 
but  one  British  species  of  PandarttSy  viz.,  P,  hicolor.  The  Pandarus  hoscii^ 
described  by  Dr.  Leach  and  Dr.  Baird,  is  now  considered  to  be  a  form  of 
P,  hicolor;  indeed,  Dr.  Baird  himself  suggests  that  P,  boscii  is 
<<  only  a  variety ''  of  the  more  common  species. 

Pandarus  hicolor^  Leach.     (PI.  VL,  figs.  33-38.) 

1816.     Pandarus  hicolor.  Leach,  Ency.  Brit.  Suppl.,  vol.  i.,  p.  405, 

PL  XX.,  figs.  1-2. 
1850.     Pandarus  hicolar,  Baird,  op.  cit.,  p.  288,  PI.  XXX,  fig.  10. 

Several  specimens  of  Pandarus  hicolor  have  been  obtained  during  the 
past  autumn  on  sharks  which  have  been  brought  to  Aberdeen  Fish  Mar- 
ket, and  known  by  the  name  of  tope  or  topers,  Oaleus  canis.  The 
parasites  were  found  for  the  most  part  adhering  to  the  fins  of  the  topers, 
and  less  frequently  on  other  parts  of  the  fish. 

The  specimen  figured  measured  about  two-fiftbs  of  an  inch  in  length, 
exclusive  of  the  ovisacs,  which  were  long  and  slender  (fig.  33).  The 
dorsal  surface  was  adorned  with  dark  chocolate-coloured  blotches  arranged 
somewhat  as  shown  in  the  drawing. 

The  female  antennee  are  small  and  somewhat  rudimentary ;  they  are 

*  The  specimens  of  EchthrogaUui  eoleoplratui  recorded  by  Dr.  Baird  were  obtained  by 
Dr.  Johnston  also  from  a  porbeagle  shark  captured  in  Berwick  Bay. 
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each  provided  with  a  large  gibbous,  cushion-like  appendage  which  seemd 
to  arise  from  the  base  of  the  anteuna,  and  to  project  considerably  forward 
on  the  under  side  (fig.  35).  These  appendages  may  probably  be  used  as 
"sucking  discB,"  seeing  chat  the  other  means  of  attachment  possessed  by 
this  copepod  do  not  appear  to  be  very  greatly  developed.  The  palpi  are 
small  but  moderately  stout  and  somewhat  cone-shaped.  The  appendages, 
which  appear  to  be  the  posterior  foot-jaws,  are  greatly  dilated,  clumsy, 
and  unshapely,  with  a  broad  cushion-like  extremity. 

The  four  pairs  of  thoracic  feet  are  all  two-branched ;  the  first  pair  has 
the  outer  branches  two-,  and  the  inner  apparently  only  one-jointed ;  the 
inner  branches  are  also  somewhat  abnormal  in  shape.  The  second  and 
third  pairs  have  both  branches  moderately  short  and  stout  and  composed 
of  two  joints,  while  in  the  fourth  pair  both  branches  appear  to  be  only 
one-jointed. 

On  one  of  the  tope  is  examined  at  the  Aberdeen  Fish  Market  in 
October  last  I  obtained  a  specimen — a  male — of  a  NogagusAJike^  copepod, 
which  I  am  inclined  to  consider  as  being  the  male  of  our  Pandarus, 
(Figure  34  represents  the  specimen  referred  to).  In  some  of  its  structural 
details  this  Nogagvs  closely  resembles  Pandarus  bicolor.  The  antennae 
are  provided  with  dilated  cushion-like  ap^pendages  somewhat  like  those  of 
the  Pandarus,  but  they  differ  in  being  armed  with  terminal  claws  (fig. 
36).  The  palpi  are  somewhat  similar,  and  so  also  are  the  exterior  foot- 
jaws.  The  posterior  foot-jaws  dififer  in  posuessing  a  distinct  though  small 
terminal  claw.  All  the  four  pairs  of  thoracic  feet  are  each  two-branched, 
each  branch  is  two-jointed,  and  the  branches  are  provided  with  densely 
plumose  hairs. 

NogagvSj  as  a  genus  of  copepod s,  is  now  to  a  large  extent,  if  not 
altogether,  obsolete.  All  the  species  of  which  it  is  composed  are  repre- 
sented only  by  males.  Several  of  these  males  have  already  been  identified 
as  the  males  of  species  belonging  to  other  genera,  and  those  which  have 
not  yet  been  satisfactorily  disposed  of  will,  it  is  believed,  be  also  found 
to  be  the  males  of  other  species.  The  Nogagus-Mke  form  referred  to  as 
found  on  the  toper  in  the  Aberdeen  Fish  Market,  though  differing 
considerably  in  general  appearance  from  Pandarus  hicolor,  coincides  so 
closely  with  it  in  several  of  its  structural  details,  that  there  seems  to  be 
little  doubt  of  its  being  really  the  male  of  the  Pandarus, 

Habitat, — From  what  is  stated  both  by  Dr.  Baird  and  Dr.  Basset- 
Smith,  it  would  appear  that  Pandarus  bicolor  is  not  confined  to  Galeus 
canis*  though  it  seems  to  be  moi'e  frequent  on  that  fish.  The  parasite 
has  been  recorded  by  these  authors  as  occuring  also  on  Carcharius  glaucus, 
and  ScylUum  catvlus  (the  Greater  Spotted  Dog-fish). 

Genus  Lemargus,  Kroyer  (1838). 

The  thoracic  feet  in  Lemargus  differ  from  those  of  Cecrops  in  being 
for  the  most  part  broadly  foliaceous,  and  forming  at  the  same  time 
branchial  appendages.  The  intermediate  body-segments  are  smaller  than 
either  the  anterior  cephalic  shield,  or  the  posterior  lamelliform  dorsal 
plates.     There  appears  to  be  but  one  British  species  of  Lemargus, 

Lemargus  mu  icattcs,  Kroyer.     (PI.  VI.,  figs.  39-42.) 

1838.     Lemargtis  muricatus,  Kr.  Naturh.  Tidaskrift,  R.  i.,  vol.  i, 

p.  488,  PI.  v.,  fig. 
1850.     Lemargus  muricatus,  Baird,  op.  cit.,  p.  294,  PL  XXXIV., 

figs.  3-4. 
1892.     Lemargus   muricatus,    A.    Scott,  Trans.  Nat.  Hist.  Soc. 

Glasgow,  vol.  iii,  PI.  ni,  p.  266. 

*  This  is  the  same  as  Squalna  gaUuSf  Linn.,  mentioned  by  Dr.  Bairdi  and  Oaleui 
vulgaris  of  Bay. 
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A  few  specimens  of  Lemargus  muricatua  were  obtained  on  a  large  sun- 
fish,  Orthagoriscus  mola,  captured  in  the  Firth  of  Forth  in  October  1890. 
My  son  (Mr.  A.  Scott)  describes  the  copepods  as  burrowing  in  hollows 
formed  in  the  flesh  of  the  fish  behind  the  anal  fin ;  they  were  not,  as  in 
the  case  of  Gecrops,  found  on  the  gills.  T.  Edward  has  recorded  this 
parasite  from  the  Momy  Firth,  but  it  does  not  appear  to  have  been  very 
frequently  observed. 

LemargtLs  has  three-jointed,  moiierately  long  and  well  developed 
antennules.  The  antennsc  are  short,  but  they  are  armed  with  stout  and 
strongly-hooked  terminal  claws.  The  mandibles  are  long  and  stylet- 
shaped,  and  minutely  serrated  at  the  digtal  end  (fig.  40).  The  anterior 
foot-jaws  are  very  small  and  armed  with  short  but  broad  and  sharp-pointed 
terminal  claws,  finely  serrated  on  the  inner  edges  (fig.  41).  The  posterior 
foot-jaws  form  strong  and  powerful  grasping  appendages,  as  shown  in  the 
figure  (fig.  42). 

The  thoracic  feet  are  all  two-branched,  but  the  first  and  second  pairs 
are  not  so  broadly  foliaceous  as  the  others,  and  approach  more  to  the 
normal  type  of  feet  observed  in  this  group  of  parasites.  In  the  first  pair 
the  outer  branches  are  considerably  longer  than  the  inner  ones ;  but  the 
branches  of  the  second  pair,  which  are  short  and  two-jointed,  are  sub-equal 
in  length.  In  the  third  and  fourth  pairs  both  branches  consist  of  broad, 
one-jointed  plates,  almost  devoid  of  spines  or  setae  of  any  kind.  In  the 
fifth  pair  one  of  the  branches  forms  a  large  lamelliform  plate,  but  the 
other  branch  is  very  small  and  bears  at  the  apex  a  fevv  minute  spines. 

Fam.    DiOHELESTIDiE. 

This  family  includes,  according  to  Dr.  Basset-Smith,  about  15  genera, 
but  only  three  or  four  of  them  are  represented  in  the  British  seas,  and 
two  are  noticed  in  the  present  paper. 

Genus  ClaveUa,  Oken  (1815) 

Clavdla  hippofjiossi,  Kroyer.     (PI.  VIT.,  figs.  1-6.) 

1838.     Olavella  hippoglossi,  Kr.,  Naturh.  Tidsskrift,  r.  i.,  vol.  i., 
p.  196,  PI.  II.,  fig.  3. 

This,  which  is  so  far  the  only  species  of  Olavella  1  have  observed,  has 
the  body  very  slender  and  of  a  reddish  colour,  the  ovisacs  are  very 
elongated  and  of  a  colour  similar  to  that  of  the  body.  We  have  found  a 
number  of  these  on  the  gills  of  large  halibut,  Hippogossus  vulgaris, 
brought  to  the  Fish  Market  at  Aberdeen ;  they  resemble  the  gill  filaments 
of  the  fish  so  closely,  both  in  form  and  colour,  that  they  are  easily  missed. 
It  was  chiefly  by  accident  they  were  first  observed  by  us,  from  noticing  a 
portion  of  their  reddish  thread-like  ovisacs  projecting  beyond  the  ends  of 
the  gill  filaments. 

The  head  in  Clavella  hippoglossi  is  small  and  rounded ;  the  neck  is 
comparatively  narrow  and  indistinctly  segmented ;  the  genital  segment  is 
elongated,  narrow,  and  cylindrical,  and  the  abdomen  is  extremely  short. 
The  posterio-lateral  angles  of  the  genital  segment  are  produced  into  small 
rounded  processes,  about  equal  to  the  length  of  the  abdomen,  so  that  the 
posterior  end  hsus  a  trilobed  appearance. 

The  entire  length  of  the  specimen  figured  (fig.  1),  exclusive  of  the 
ovisacs,  is  about  the  seven-twentieths  of  an  inch  (9m m).  The  following 
are  the  measurements  of  another  and  rather  larger  specimen : — flntire 
length  of  the  body,  9*5mm.;  length  of  head  and  neck  combined,.  I'Smm.; 
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length  of  genital  segment,  8mm. ;  length  from  forehead  to  end  of  ovisacs, 
23mm. 

Clavdla  hippoglom  has  well  developed  and  moderately  stout  five-jointed 
antennules,  which  are  sparingly  setiferous  (fig.  2).  The  antenna  are 
moderately  large  and  provided  with  powerful  terminal  hooks  suitable  for 
grasping  (fig.  3).  The  mandibles  are  small,  elongated  and  tapering,  and 
armed  with  a  few  small  teeth  at  the  distal  end  of  the  inner  margin.  The 
maxillae,  or  palpi,  are  very  small,  but  comparatively  stout,  and  are 
provided  with  two  or  three  special  tooth-like  processes.  The  foot- jaws  are 
elongated  and  slender.  Both  pairs  of  the  thoracic  feet  are  two- branched 
and  both  branches  appear  to  be  two-jointed  (fig.  6).  No  males  have  been 
observed. 

Grenus  Cycnus,  M. -Edwards  (1840). 
Syn.   Congericola,  Van  Beneden  (1854). 

The  species  belonging  to  Oycnus  are  in  general  appearance  somewhat 
similar  to  Clavdla ;  they  may  be  distinguished,  however,  by  the  possession 
of  four  pairs  of  two-branched  thoracic  feet,  instead  of  only  two  pairs,  but 
these  thoracic  feet  are  not  so  fully  developed  as  in  Clavdla,  I  have  only 
observed  one  species  of  Gycnus,  viz, : — 

Cycnva  paUidm  (Van  Beneden). 

1854.     Congericola  palliduSy  Van  Ben.,  Bull.  Acad.  Roy.  Belg ,  vol. 

21,  pt.  ii.,  p.  583. 
1896.     Cycnics  palliduSy  Basset-Smith,  Journ.  M.  B.  Assoc.  (Feb. 

1896),  p.  159. 

About  30  specimens,  counting  adult,  immature  and  damaged,  of  this 
species  were  obtained  on  the  gills  of  a  large  Conger  vulgaris  sent  from 
the  Clyde  by  Mr.  F.  G.  Pearcey,  naturalist  on  board  the  "  Garland."  The 
conger  was  captured  at  Station  IX.,  near  the  mouth  of  the  estuary,  on 
December  13tb,  1899.  In  form  and  colour  these  parasites  closely 
resemble  pieces  of  the  gill-filaments,  and  may  therefore  be  readily  over- 
looked. The  specimens  I  observed  were  found  to  adhere  very  firmly  to 
the  gill-filaments,  so  much  so  that  several  specimens  were  damaged  in  the 
course  of  removing  them. 

None  of  the  specimens  measured  reached  to  quite  four  millimetres  ;  one 
specimen  was  about  3'7mm.  in  length,  exclusive  of  ovisacs,  and  from  the 
forehead  to  the  end  of  the  ovisacs  the  length  was  8*2mra.;  another 
specimen,  measured  in  the  same  way,  reached  to  3 '8mm.  and  9 '3mm. 
respectively ;  the  same  specimens  measured  about  '7mm.  in  width. 

Fam.  LERNiEiD^. 

This  family  appears  to  contain  a  strangely  mixed  lot  of  parasitic 
copepods.  The  adult  females  belonging  to  some  of  the  genera  in  this 
group  have  a  somewhat  abnormal  appearance ;  development  in  their  case 
is  retrogressive,  and  to  such  an  extent  that  in  some  instances  nearly  all 
traces  of  the  characters  which  distinguish  these  copepods  from  the  other 
orders  of  Crustacea  are  obliterated.  Lemcea  branchialis  may  be  cited  as 
an  example  of  extreme  degradation.  On  the  other  hand,  there  are  some 
species  which  have  rather  an  elegant  shape  and  possess  copepod  characters 
of  a  more  distinctive  form. 

Three  genera  of  the  Lerficeidce  are  represented  in  the  present  paper. 

Genus  Lemwenicus,  Lesueur.    (1824). 
Syn.  Lerneonema,  M.-Edw.  (1840). 
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Lenuvenictis  spraMoe  (Sowerby).     (PL  VII.,  figs.  7-10.) 

1806.     Lemcea  spratta,  Sowerby,  Brit.  Miscell.,  vol.  ii.,  p.  17,  PL 

LXVIII. 
1850.     Lemeonema  spratta,  Baird,  op.  cit.,  p.  341,  PL  XXXV., 

fig.  10. 
1876.     Lernceenicus  sprattcBf   Ricbiardi,    Atti.  della  Soc.  Tosc, 

voL  iii. 
1891.     Lemeonema  spratta^   T.    Scott,   Ninth  Ann,  Rep.  Fish. 

Board  Scot.,  Pt.  III.,  p.  306. 

In  August  1890  my  sod,  Mr.  Jobn  Scott,  observed  a  sprat,  or  a  small 
herring,  he  was  not  sure  which,  swimming  about  in  one  of  the  Leith 
Docks  with  a  Lernceenicus  attached  to  one  of  its  eyes,  but  he  failed  to 
capture  it.  My  son,  Mr.  Andrew  Scott,  has  obtained  the  species  in  the 
Morecambe  Bay  district  of  Lancashire  and  has  sent  me  one  or  two  sprats 
for  examination,  having  the  parasite  in  situ,  and  the  drawing  on  Plate  VII. 
represents  one  of  these  sprats  with  the  parasite  attached  to  its  eye  (fig. 
7).  One  of  the  sprats  sent  me  for  examination  has  no  fewer  than  three 
specimens  of  Lernceenicus  attached  to  one  of  its  eyes.  Figure  8  represents 
a  Lernceenicus,  which  my  son  dissected,  from  the  eye  of  a  sprat.  This 
specimen  exhibits  the  thorax  as  having  a  moniliform  structure  a  short 
distance  posterior  to  the  head.  The  head  is  provided  with  the  barbed  pro- 
cesses peculiar  to  these  organisms.  The  head  is  also  furnished  with  distinct 
though  small  antennules,  but  it  is  doubtful  if  these  can  be  of  any  use  to 
the  animal ;  the  antennules  are  represented  by  figure  7.  The  antennae, 
though  small,  have  the  end-joints  chelseform  and  well  adapted  for  grasping 
(fig.  10).  The  length  of  the  specimen  figured  is  about  seven-tenths  of  an 
inch  (18mm.),  exclusive  of  the  ovisacs,  and  if  the  length  of  the  ovisacs  be 
added  the  total  length  reaches  to  about  43mm.,  or  one  inch  and  three- 
fourths. 

Genus  Lemoea,  Linn.  (1767). 

This  genus  contains  what  appear  to  be  the  most  degraded  of  the 
copepod  parasites  of  fishes.  It  requires  some  stretch  of  the  imagination 
to  associate  the  large,  mature,  and  bizarre-looking  female  Lemcea 
with  the  elegant  and  agile  Gy clops,  yet  in  their  early  stages  of  growth  the 
two  are  not  very  dissimilar.  Lemcea  was  placed  by  Linnseus  amongst 
the  Mollusca  in  the  Class  Vermes. 

LenKea  branchialis,  Linn.     (PL  VII.,  figs.  11  and  12.) 

1767.     Lemcea  branchialis,  Linn.,  Syst.  Nat.,  12th  ed.,  p.  1092. 

This  well-known  fish  parasite  is  moderately  common.  We  have 
records  of  it  from  various  places  around  the  Scottish  coasts,  as  the  Firths 
of  Forth  and  Clyde,  and  the  Moray  Firth.  Also  on  haddocks  landed  at 
the  Fish  Market  at  Aberdeen. 

The  species  appears  to  vary  to  some  extent.  The  specimen  represented 
by  figure  1 1  is  probably  the  more  common  form  ;  it  is  distinguished  by 
having  a  moderately  long  neck,  similar  to  that  shown  by  Dr.  Baird.* 
Another  form  with  a  much  shorter  neck  is  represented  by  figure  12. 

Lemcea  minuta,  n.  sp.     (PL  VII.,  fig.  13.) 

Description  of  tJie  Female, — Length  of  the  specimen  figured,  about 
three-tenths  of  an  inch  (8mm.).     Cephalic  lobe  somewhat  dilated,  horns 

♦  Brit.  Entom.,  PI.  XXXV.,  fig.  12. 
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not  greatly  deyeloped.  Thoracic  feet,  four  pairs,  small  but  distinct,  and 
situated  immediately  behind  the  cephalic  lobe.  Neck  short  and  moder- 
ately slender.  Genital  segment,  moderately  large  and  slightly  sigmoid. 
Ovisacs  elongated,  slender,  and  twisted,  as  in  Lemcea  branchtafis. 

Habitat. — On  the  gills  of  the  speckled  goby  {Gobivs  mintUtts). 

Remarks. — Our  superintendent,  Dr.  T.  Wemyss  Fulton,  while  examin- 
ing some  small  fishes  sent  to  the  Laboi-atory  from  the  Solway  during 
November  1 899,  observed  a  small  LemoBa  on  the  gills  of  a  specimen  of 
Gobius  minutus.  This  he  kindly  handed  over  to  me  along  with  a  con- 
siderable number  of  specimens  of  the  same  species  of  goby.  On  making  a 
careful  examination  of  all  these  specimens — about  134  in  number — three 
more  specimens  of  the  Lemcea  were  obtained;  making  in  all  four  specimens 
of  this  parasite  from  135  fishes,  or  about  3  per  cent. 

The  average  length  of  the  specimen  figured,  exclusive  of  ovisacs,  ia  a 
little  over  7mm. 

I  have  not  been  able  to  find  any  previous  record  of  this  small  Lemcea, 
and  have  therefore  described  it  as  a  now  species  under  the  name  of 
Lemcea  minuta. 

Genus  Ha^nobaphes,  Steenstrup  and  Liitken. 

Hosmobaplies  cyclopterinus  (Fabr.).     (PL  VII.,  fig.  14.) 

1780.     Lemcea  cyclopterina,  Fabr.,  Fauna  Groenl.,  p.  337. 

1861.  ffcemobaphes    ci/dopterina,    Stp.   and    Liitk.,    Bidrag  til 

Kundskab,  p.  405,  PL  XIII.,  fig.  30. 
1891.     Hoemobaphes  cydopterina^   T.  Scott,   Ninth  Ann,  Rept. 

Fish.  Board  Scot.,  Pt.  III.,  p.  310. 

I  have  only  seen  two  specimens  of  this  curious  Lernaean,  and  both  were 
found  on  the  gills  of  the  pogge,  Agonus  cutaphractus.  One  was  obtained 
at  Dunbar  by  Mr.  Janiieson,  laboratory  Assistant,  in  April  1891,  on  the 
gills  of  a  pogge  taken  from  the  stomach  of  a  cod ;  the  other  was  taken 
also  from  the  gills  of  a  pogge  captured  by  the  "  Garland  "  in  the  Firth  of 
Forth  in  February  1892.  This  specimen  was  recorded  in  the  Annals  of 
Scottish  Natural  History  for  April  of  the  same  year.  It  is  represented 
in  the  present  paper  by  figure  14  on  Plate  VII.;  the  neck  and  upper  part 
of  the  thorax  of  this  specimen  was  accidentally  damaged. 

I  have  recently  examined  a  large  number  of  pogges  without  finding  a 
single  example  of  this  Hcemobaphes  ;  probably  the  species  is  a  rare  one. 

Hoemobaphes  amhiguus,  sp.  n.     (PL  VII.,  fig.  15.) 

A  Hcem^baphesAike  parasite  was  found  on  the  gills  of  a  specimen  of 
the  spotted  dragonet,  CaUionymus  maculatus,  captured  in  the  Solway  in 
October  1899. 

This  parasite  differs  from  HoemobapJies  cydopteHnus  in  having  a  very 
short  neck,  and  in  the  abdominal  portion  of  the  genital  segment  being 
more  produced  ;  moreover,  this  produced  part  is  compressed  and  somewhat 
dilated  at  the  end,  the  margins  are  somewhat  irregular  in  outline,  and  the 
lateral  lobes  are  moderately  prominent  (fig.  15).  Only  one  ovisac  is 
shown  in  the  figure ;  the  other  was  accidentally  destroyed. 

The  entire  length  of  the  specimen  figured  is  about  the  seven-twentieths 
of  an  inch  (ll*5mm.). 

I  have  been  unable  to  find  any  published  description  of  this  form  ;  and 
as  it  agrees  with  Hcemobaphes  in  some  of  its  more  prominent  characters, 
I  have  decided  to  regard  it  for  the  present  as  "  now." 
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Fam.    CnONDRACANTHIDiE. 

Genus  Oralien,  Basset-Smith  (Proo.  Zool.  Soc.  Lond., 

April  1899,  p.  489). 
Syn.  Lementoma  (pare.),  Baird,  Brit.  Entom.,  p.  329. 

This  genus  has  been  established  by  Dr.  Basset-Smith  for  Lemcea 
asellina,  Linu.  (Lementoma  aseUina,  Baird),  because  of  the  marked  differ- 
ence in  the  arrangement  of  the  cephalic  appendages.  In  the  typical 
Chondracardhus  these  appendages  are  arranged  in  more  or  less  proximity, 
but  in  Lenuea  asellina  the  heail,  which  is  rounded  anteriorly  and 
provided  with  anteunules  and  antenuie  as  well  as  lateral  lobe-like  projec- 
tions, is  produced  behind  into  a  cylindrical  and  moderately  elongated 
neck,  at  the  base  of  which,  where  the  neck  joins  tli  thorax,  is  situated 
the  mouth  and  the  several  mouth  organs.  By  this  arrangement  a 
considerable  distance  intervenes  between  the  antennal  appendages  and  the 
mouth  parts.  But  besides  this  departure  from  the  arrangement  of  the 
parts  usually  observed  in  the  genus  Chondracanthus^  the  general  appear- 
ance of  the  animal  also  exhibits  a  marked  difference  from  that  of  the 
other  species  belonging  to  that  genus. 

Oralien  aaeUinus  (Linn.).     (PI.  Vn.,  figs.  16-18.) 

1761.     Lemcea  asellina^  Linn.,  Fauna  Suec,  2i01. 

1838.     Chondracanthua    triglce,   Kr.   Naturh.   Tidsskrift,    e,   i., 

vol.  ii.,  p.  135,  PI.  III.,  fig.  3. 
1850.     Lementoma  asellina,  Baird,  op.  cit.,  p.  329,  PI.  XXXV., 

In  this  species  the  front  part  of  the  head  is  enlarged  by  the  develop- 
ment of  a  lobe-like  projection  on  each  side ;  this  part  is  usually  buried 
deeply  in  the  tissues  of  the  fish.  The  antennules  are  short,  moderately 
stout,  simple  appendages.  The  mandibles,  which  are  somewhat  similar  to 
those  of  Chondracanthus,  are  stout  and  falcate,  and  their  convex  margins 
are  fringed  with  f«hort  but  moderately  stout  spines  (fig.  18).  The  maxillae, 
maxillipedes,  and  other  appendages  are  somewhat  similar  to  those  of 
Chandracanthus  comutus. 

The  size  of  specimens  varies  to  some  extent ;  the  more  usual  dimensions, 
however,  seem  to  be  as  follows : — Length,  exclusive  of  ovisacs,  about 
8  mm. ;  length  from  front  of  head  to  end  of  ovisaop,  about  1 2  mm.  A 
specimen  from  a  common  gurnard,  Trigla  gumardus,  measured  only 
5*5mm.  in  length  of  body  and  8'5mm.  to  the  extremity  of  the  ovisacs. 

I  have  obtained  the  species  on  the  gills  of  gurnards,  plaice,  halibut,  and 
other  fishes  captured  on  all  parts  of  the  Scottish  coasts  examined  by  us. 

It  is  of  interest  to  note  that  in  the  various  works  on  the  copepod 
parasites  of  fishes  which  I  have  consulted  no  two  authors  agree  in  their 
figures  of  this  species.  It  may  be  that  there  is  more  than  one  species 
included  in  Chrondracanthus  asellinus,  or  the  differences  referred  to  may 
be  due  to  the  variableness  of  the  species. 

Genus  Cfiondracanthus,  De  la  Roche  (1811). 
Syn.  Lementoma  and  Chondracanthus,  Baird. 

In  this  genus  the  head,  though  distinct,  is  not  separated  to  any  great 
extent  from  the  thorax.  The  antennules  are  usually  more  or  less 
conspicuous  in  front  of  the  head,  and  these  and  the  antennae  are  in  close 
proximity  to  the  mouth  organs.  The  genital  segment  is  more  or  less 
cylindrical,    as    in    Chandracanthus    cormdtis,    or    constricted,    as     in 


164  Part  IIL — Eighteenth  Annual  Report 

Chondracanthis  solea.     Ten  species  are  recorded  in  the  sequel,  but  one  of 
them  is  somewhat  doubtful  and  apparently  undescribed. 

Chondracanthus  comictus  (Miiller).     (PI.  VIL,  figs.  19-31.) 

1776.     Lemcea  comutay  Miiller,  Zool.  Dan.,  voL  i.,  pl.  33,  fig.  6. 
1850.     Lernentoma  comuta^  Baird,  op.  cit.,  p.  328,  PI.  XXXV., 
fig.  2. 

This  species,  as  represented  by  the  figure  in  Dr.  Baird's  "British 
Entomostraca,''  has  the  genital  segment  of  a  cylindrical  form  and  without 
any  marked  constriction  in  the  middle;  and  in  his  description  of  the 
species  Dr.  Baird  makes  no  allusion  to  any  constriction  of  the  posterior 
"  two-thirds  '*  of  the  thorax ;  had  any  constriction  been  observed,  as  con- 
spicuous as  it  is,  for  example,  in  Chondracanthus  8olec&  or  CJiondracanthvs 
flurcBy  he  would  very  likely  have  referred  to  it.  Moreover,  the  figures  of 
the  same  species  by  Nordmann*  and  Krbyer,t  though  showing  a  slight 
constriction  of  the  thorax,  agree  fairly  well  with  that  of  Dr.  Baird. 

Specimens  agreeing  in  their  general  appearance  with  Dr.  Baird's  figure 
of  Chondracanthus  comutuSy  except  that  they  exhibit  a  slight  constriction, 
as  shown  in  the  figure  by  Nordraann,  have  been  found  on  the  plaice, 
Pleuronedes  platessa^  and  the  common  flounder,  Pleuronectes  flmis.  I 
find  on  the  plaice  two  forms  of  the  Chondracanthus ;  the  more  common 
one  (represented  by  figure  19)  is  the  smaller  of  the  two,  and  is  also 
proportionally  broader.  The  specimen  of  this  form  represented  by  the 
figure  referred  to  measured  5'8mm.,  exclusive  of  ovisacs.  The  antennules 
of  this  specimen  were  considerably  dilated,  and  showed  little  structure. 
The  antennae  were  furnished  with  strongly-hooked  terminal  claws,  while 
the  mandibles  were  moderately  stout  and  tapered  towards  the  end,  where 
they  became  somewhat  attenuated.  The  anterior  foot-jaws  had  a  moderately 
stout  basal  part,  but  the  end-joint  was  more  slender  and  was  serrated  on 
the  inner  edge  (fig.  23). 

The  male  of  this  form,  which  is  very  small,  is  represented  by  figure 
24  ;  it  measured  scarcely  the  half  of  a  millimetre  in  length ;  the  abdomen, 
which  appeared  to  be  distinct  from  the  thorax,  was  more  or  less  segmented. 

A  specimen  of  the  less  common  and  more  elongated  form  is  represented 
by  figure  27  ;  it  measured  nearly  7  millimetres  in  length.  The  posterior 
portion  of  the  thorax  in  this  form  is  long  and  narrow,  and  slightly 
constricted  in  the  middle ;  the  antennules  (fig.  28)  appear  to  be  scarcely  so 
robust  as  in  the  smaller  form,  but  the  mandibles  and  other  appendages  do 
not  seem  to  differ  much. 

Habitat. — The  smaller  form  has  been  obtained  on  plaice  from  the  Firth 
of  Forth,  Firth  of  Clyde,  Moray  Firth,  and  at  Aberdeen  Fish  Market.  The 
larger  form  was  found  on  the  giUs  of  a  plaice  in  the  collection  of  fishes 
in  the  Laboratory  at  Bay  of  Nigg,  but  the  locality  where  this  plaice 
came  from  is  not  stated  on  the  label. 

Chondracanthus  annulatus,  Olsson.     (PI.  VII.,  figs.  46-51.) 

1867.     Chondracanthus  annulatusy  Olsson,  Prodr.  Faunae  Copep. 
Parasit.  Scand.,  vol.  v.,  p.  30,  PI.  II.,  figs.  13-15. 

A  number  of  specimens  of  this  Chondracanthus  were  obtained  from  the 
gills  of  a  large  grey  skate,  Raia  batis,  caught  in  the  North  Sea  and  landed 
at  the  Fish  Market  at  Aberdeen,  June  30th,  1899. 

In  this  species  the  body  is  elongate,  moderately  narrow,  and  cylindrical 
in  form ;    it  is  about  four  times  longer  than  broad,  and  not  much 

*MikrogT.  Beitr.,  vol.  ii.,  PI.  9,  fig.  5. 

tNatiirh.  Tidsskr.,  R.  iii.,  vol.  2,  PI.  13,  fig.  7  (1864). 
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compressed.  The  head  is  well  defined,  the  neck  is  short,  and  the  posterior 
part  of  the  thorax  is  slightly  constricted  in  the  middle.  The  abdomen  is 
very  short,  and  so  are  the  posterio-lateral  processes  of  the  thorax.  As 
the  abdomen  and  lateral  processes  are  about  the  same  length,  they  give  to 
the  posterior  end  of  the  thorax  a  more  or  less  trilobed  appearance  (fig. 
46).  The  specimen  represented  by  the  figure  is  about  14mm.  (|^  of  an 
inch)  in  length,  exclusive  of  ovisacs,  and  from  the  front  part  of  the  head 
to  the  extremity  of  the  ovisacs  the  length  is  about  2  inches. 

The  antennules  in  the  female  are  very  short  and  considerably  dilated ; 
the  mandibles  differ  very  little  from  those  of  Chx>ndracanthu8  comtdus. 
The  two  pairs  of  thoracic  limbs  are  both  very  short. 

A  male  specimen,  which  is  represented  by  figure  47,  measured  about 
3  millimetres  in  length ;  its  antennules  were  smaller  than  those  of  the 
female,  and  were  rather  more  setiferous.  The  antennae  were  short,  but 
they  were  armed  with  strong,  though  somewhat  short,  terminal  claws. 

Chondracanthus  davatus^  Basset-Smith.     (PI.  VII.,  fig.  35-37.) 

1896.     Chondracanthtis  clavatuSf  Basset-Smith,  Ann.  and  Mag. 
Nat.  Hist.  (6).  voL  18,  p.  13,  PL  V.,  fig.  6. 

In  this  species  the  thorax  increases  in  width  towards  the  posterior  end; 
the  posterio-lateral  appendages  are  of  moderate  length,  as  shown  by  the 
figure  (fig.  35).  The  antennules  are  considerably  dilated  and  somewhat 
like  those  of  Chondracanthus  comutus  in  their  general  appearance.  The 
mandibles  and  the  other  appendages  are  also  nearly  the  same  as  in  that 
species,  but  the  posterio-lateral  thoracic  processes  are  considerably  longer, 
being  equal  to  about  one-sixth  of  the  entire  length  of  the  an^'mal. 

The  average  length  of  the  specimens  I  have  measured  is  6'5mm.,  but 
some  are  found  a  Uttle  smaller  and  some  larger.  The  ovisacs  are  also  not 
very  elongate ;  the  largest  specimens  I  have  observed  scarcely  reached  a 
total  length  (including  ovisacs)  of  10mm. 

Habitat, — Ou  the  gills  ot  lemon  soles,  Pleuronectea  microcephdlus,  caught 
in  the  Firth  of  Forth,  in  the  Firth  of  Clyde,  and  on  other  parts  of  the 
Scottish  coast.  The  male  of  this  species  is  very  like  that  of  Chondra- 
canthus comutus. 

Chondracanthus  solemn    Kroyer.     (PI.  VII.,  figs.  41-45.) 

1838.     Chondracanthus  solece,  Kr.,  Naturh.  Tidsskr.,  r.  i.,  vol.  L, 

p.  139,  PI.  III. 
1864.     Cliondracanthus  soleoBy  Kr.,  op.  cit.,  r.  iii.,  PI.  IL,  p.  330. 

The  specimens  of  Chondracanthus  which  I  record  under  this  name  of 
Krdyer's  were  found  on  black  soles,  Solea  vtdgarU,  captured  in  the 
Firth  of  Clyde  in  October  and  December  1899,  and  on  turbot,  Bothus 
maximus,  captured  in  the  Firth  of  Forth  in  July  1892.  Kroyer  obtained 
his  specimens  also  from  black  soles.  The  species  is  distinguished  by  its 
comparatively  small  and  robust  form,  by  the  comparatively  elongated 
posterior  thoracic  appendages,  and  by  the  elongated  posterio-lateral  pro- 
cesses of  the  thorax.  Moreover,  the  posterior  portion  of  the  thorax  is 
distinctly  constricted  in  the  middle,  as  shown  by  the  drawing  (fig.  41). 
In  comparing  the  antennules  and  antennae,  the  mouth  organs,  and  other 
appendages  of  this  form  with  those  of  Chondracanthus  comv^vs^  it  is 
found  that,  though  there  is  a  certain  amount  of  resemblance  between 
them,  differences  are  observable,  which,  taken  in  combination  with  the 
marked  difference  in  the  general  appearance  of  the  animals,  present  as 
good  grounds  for  separating  Chondracanthm  sole(v  from  Chondracanthus 
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ccmtUus  as  there  are  for  separating  Chondracanthits  davatus  from  the 
same  species. 

The  male  of  Chondracanthua  soleie  resembles  also  in  some  respects  the 
male  of  Chomlracanthua  comutua,  but  appears  to  differ  in  the  form  of  the 
antennules  and  of  the  second  pair  of  thoracic  feet  (figa.  44,  45) ;  the 
antennules  are  considerably  dilated  and  of  a  somewhat  triangular  form  ; 
and  the  second  pair  of  feet  have  a  sub-quadrate  outline. 

A  moderately  large  female,  obtained  on  a  specimen  of  Solea  vulgaris 
captured  in  the  Clyde,  measured  about  8'5mm.,  exclusive  of  the  ovisacs, 
which  were  as  long  as  the  specimen  itself.  In  this  specimen  the  lateral 
processes  at  the  posterior  end  of  the  thorax  were  a  millimetre  in  length, 
which  was  somewhat  less  than  in  some  of  the  other  specimens  examined. 

Chandracantkus  flurcBfKToyeT.     (PI.  VII.,  figs.  32-34.) 

1864.       Ctiondracanthvs  flurcBy   Kr.,  op.    cit.,   r.    iii.,    vol,    ii., 
pp.  323  and  330,  *Pl.  XIII.,  fig.  6. 

Krbyer  obtained  this  species  from  the  long  rough  dab,  Plxtessa 
limandoides  (Bl.),  or  Drepanopsetta  platessoides^  Fabr.,  as  this  fish  is  now 
called.  Specimens  of  Chondracanthus  flune  have  been  obtained  on  long 
rough  dabs  captured  in  the  Firth  of  Clyde;  some  of  them  were 
taken  on  specimens  captured  at  Station  III.  (Kilbrennan  Sound) 
in  December  last.  This  parasite  has  not  been  observed  by  us  on 
any  other  kind  of  fish.  Chondracanthtis  flune,  like  the  one  last  described, 
has  the  posterior  portion  of  the  thoracic  segment  in  the  female  distinctly 
constricted  in  the  middle,  but  it  is  more  robust,  and  the  thoracic  limbs, 
as  well  as  the  posterio-lateral  processes,  are  short  Krbyer's  description 
of  the  species,  which  accords  very  well  with  the  Clyde  specimens,  is  as 
follows  : — "  Forma  crassa  robustaqus,  latitudine  fere  diraidiam  longitu- 
dinis  partem  obtinente,  capite  mediocri,  latiore  quam  longiore,  sub- 
semilunato  ;  annulis  thoracicis  omnibus  perbene  distinctis,  latioribus  quam 
longioribus,  primo  secundoque  insequentibus  multo  angustioribus. 
Antenn»  anterioris  paris  latitudine  capitis  paulo  breviores,  basi  sejunctse, 
articulo  terminali  conico,  seta  apicis  instructo.  Membra  annuli  thoracici 
primi  et  secundi  minuta,  eadera  ferme  longitudine  ac  latitudine,  vix  vel 
parvum  furcata.  Processus  annuli  thoracici  quarti  posteriores  ipso  annulo 
breviores  (tertia  quartave  parte),  crassi  subconici.  Abdomen  dimidiam 
processuum  longitudinem  superius  conicum,  biarticulatum.  Ovaria 
externa  gracilia,  elongata  ?  "  * 

This  species  is  smaller,  but  comparatively  more  robust,  than  the  one  last 
recorded.  The  specimen  represented  by  the  drawing  measures  about 
4*7mm.  in  length;  while  the  length  of  a  somewhat  larger  specimen  is 
5*5mm.,  exclusive  of  ovisacs,  and  from  the  forehead  to  the  end  of  the 
ovisacs  the  length  is  fully  10*5mm. 

Chondracanthits  merlucciiy  Holten. 

ChondracanihtLs    merltbccii,    Holten,     Mem.    Soc.    Hist.     Nat. 

Copenhag.,  vol.  v.,  PI.  III.,  fig.  2. 
1892.      Chj)ndracanthus  jnerlucciiy  T.  Scott,   Tenth  Ann,  Rept, 

Fish.  Board  for  Scot,,  Pt.  III.,  p.  262. 
1896.     Gliondracanthtis   nierluccii,    Basset-Smith,  Joum.   M.  B. 

Assoc.  Plymouth,  p.  161. 

This  is  a  moderately  common  parasite  on  the  hake,  Merlticcius  vulgaris, 
I  find  it  most  frequently  clinging  to  the  roof  and  sides  of  the  mouth,  and 

♦  Naturh.  Tidsskr.,  R.  HI.,  Bd.  2,  p.  330  (1864). 
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sometimes  ou  the  under  side  of  the  tongue  and  the  inside  of  the  gill- 
covers.  Chandracanthm  inerluccii  differs  from  the  other  species  in  having, 
Desides  its  usual  thoracic  limbs,  a  pair  of  moderately  long  appendages  near 
the  middle  of  the  posterior  portion  of  the  thorax,  and  also  in  the  posterio- 
lateral  processes  being  cousiderably  elongated.  The  mandibles,  which  are 
distinctly  toothed  on  the  upper  margin,  and  the  other  cephalic  appendages 
are  all  more  or  less  similar  to  the  same  appendages  in  other  species  of 
C?iondraca7ithi, 

A  female  specimen  of  average  size  measured  about  half  an  inch  in 
length,  exclusive  of  ovisacs.  The  males  are  very  small,  and  sometimes 
more  than  one  of  them  may  be  observed  sticking  on  a  female.  The 
species  varies  to  some  extent  both  in  its  general  outline  and  in  the  pro- 
portional lengths  of  the  various  appendages. 

CJumdracanthus  lophii,  Johnston. 

1836.      Chondracanthvs  lophii,    Johnston,    Loud.    Mag.     Nat. 

Hist.,  p.  81,  fig.  16. 
1850.      Lementoma  lophii^  £aird,  op.  cit.,  p.  330,  PI.  XXXV., 

fig.  3. 

This  is  one  of  the  more  common  of  the  copepod  parasites  of  fishes ; 
it  seems  to  be  to  a  large  extent  peculiar  to  the  angler,  Lophitis  piscatoriuM^ 
and  is  usually  found  adhering  to  the  inside  surface  of  the  gill-pouches. 
A  considerable  percentage  of  the  anglers  captured  by  the  "  Garland  "  are 
more  or  less  infested  with  this  copepod.  I  have  records  of  it  from  the 
Firth  of  Forth,  the  Firth  of  Clyde,  and  other  parts  of  the  Scottish  coasts. 
The  oviferous  tubes  are  slender,  usually  elongated,  and  more  or  less 
twisted. 

Chondracanthus  zeus,  De  la  Roche.     (PL  VIII.,  &g.  1.) 

1811.     ChoTidracanthus  zeiy  De  la  Roche,  Nouv.  Bull,  des  Sc.de 

la  Soc.  Philom.,  vol.  ii.,  p.  270,  PI.  II.,  fig.  2. 
1850.      Chmdracanthus  zei,  Baird,  op.  cit.,  p.  327,  PI.  XXXV., 

fig.  1. 

In  this  species  the  dorsum  is  ornamented  with  a  number  of  processes, 
which  gives  the  specimens  a  bizarre  appearance  not  usually  observed 
amongst  the  Chondr acanthi. 

I  obtained  a  specimen  of  Chondracanthits  zeus  ^n  the  gills  of  a  John 
Dory,  ZeusfaheVy  caught  in  the  Firth  of  Forth  in  1891;  this  specimen  is 
recoided  in  Part  III.  of  the  Tenth  Annual  Report  of  the  Fisho-y  Board  for 
Scotland  (1892).  A  second  specimen  was  obtained  in  the  Firth  of  Forth 
in  1896,  also  on  the  gills  of  a  John  Dory.  Chondracanthus  zeushd^  also 
been  obtained  in  the  Firth  of  Clyde,  on  a  John  Dory,  captured  there  by 
the  "  Garland." 

The  length  of  the  specimen  represented  by  the  figure  was  about  half 
an  inch,  but  the  species  varies  to  some  extent  both  in  size  and 
ornamentation. 

Chondracanthus  limandnBy  Kroyer.     (PI.  VII.,  figs.  38-40.) 

1864.      Chondracanthus  limandm^  Kr.,  op.  cit.,  r.  iii.,  vol.  ii., 
pp.  322  and  330,  PI.  XIV.,  fig.  2. 

Kroyer  obtained  this  species  on  Platessa  limanda  (Pleuronectes 
limanday  Linn),  the  common  dab.  I  have  obtained  on  two  different 
specimens  of  the  common  dab  what  appears  to  be  the  same  species  of 
copepod.     The  common  dab  from  which  the  specimen  represented  by  the 
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drawing  (fig.  38)  was  obtained  was  captured  in  the  Firth  of  Clyde  in 
25-30  fathoms,  November  1899.  A  second  specimen,  exhibiting  even  a 
closer  resemblance  to  the  figure,  was  obtained  on  a  common  dab  taken  by 
the  "  Grarland  "  at  Station  VII.  in  the  Moray  Firth  on  January  24th  of  the 
piesent  year  (1900). 

This  species  is  moderately  robust ;  the  first  thoracic  segment  is  very 
short ;  the  second  is  of  moderate  size,  and  has  on  each  side  a  slightly 
elevated  and  broadly  rounded  knob — "annulo  secundo  duobus  tuberculis 
humeralibus  pra6dito  magnis."  *  The  posterior  portion  of  the  thorax  is 
more  or  less  distinctly  constricted,  so  that  this  portion  of  the  thorax 
appears  as  if  it  were  divided  into  two  slightly  unequal  parts.  The  thoracic 
limbs  are  more  rudimentary  than  those  of  CJiondracanthtia  carnuitis  ; 
in  that  species  the  second  pair  are  distinctly  bifid,  but  in  the  present 
form  they  are  not  so,  or  they  show  at  most  the  merest  trace  of  bifurca- 
tion, agreeing  in  this  respect  also  very  closely  with  Kroyer's  description — 
"  Membra  annuli  thoracici  primi  et  secundi  latiora  quam  iongiora  semilu- 
naria,  baud  furcata,  posterius  par  priori  multo  majus."  The  posterio- 
lateral  projections  of  the  thorax  are  comparatively  short  and  stout ;  the 
abdomen  is  very  short  and  composed  of  two  segments. 

The  specimen  represented  by  the  drawing  is  about  5mm.,  exclusive  of 
the  ovisacs,  which  are  about  the  same  length,  giving  a  total  length  of 
about  10mm. 

The  male  is  very  small ;  one  which  I  measured  was  only  0*65mm. 
(scarcely  one-thirty-eighth  of  an  inch)  in  length. 

Chondracanthus  omatuSf  sp.  n. 

I  have  recently  obtained  on  the  gills  of  specimens  of  the  spotted 
dragonet,  CaHionymua  maculatua,  a  (Thondracanthus-Mke  copepod,  which 
appears  so  far  to  be  undescribed.  The  female  of  this  copepod  viewed 
from  above  has  a  general  outline  closely  similar  to  that  of  an  equilateral 
triangle,  the  bluntly-rounded  head  forming  the  apex  and  the  truncate 
posterior  end  the  base  ;  the  front  of  the  head  is  indistinctly  tri-lobed,  one 
bluntly-rounded  lobe  being  in  the  centre,  and  projecting  slightly  in  front 
of  the  two  lateral  lobes,  which  are  also  bluntly  rounded ;  the  neck  con- 
necting the  head  with  the  thorax  is  very  short ;  along  each  side  of  the 
thorax  (forming  the  sides  of  the  triangle)  there  are  three  or  four  more  or 
less  distinct  tuberclest,  and  a  series  of  three  similar  tubercles  extends 
along  the  middle  of  the  dorsum  ]  the  posterior  tubercle  of  the  middle 
series  stands  well  up,  but  each  of  the  other  two  stands  at  a  slightly  lower 
elevation  than  the  one  immediately  behind  ;  the  abdomen  is  exceedingly 
small  and  inconspicuous.  The  ovisacs  are  of  moderate  length  and  stout- 
ness, like  those  of  ChondracanthtLs  limandce. 

The  length  of  the  more  typical  of  my  female  specimens  is  as  follows  : 
From  forehead  to  the  posterior  end  of  body,  5mm.  (one-fifth of  an  inch);  from 
forehead  to  the  end  of  the  longest  of  the  two  ovisacs,  11 '5mm.  (nearly  half 
an  inch)  ;  the  width  of  the  thorax  at  the  posterior  end  is  just  a  little  over 
5mm.,  so  that  the  body  of  the  animal,  as  I  have  already  said,  has  a 
general  outline  closely  similar  to  that  of  an  equilateral  triangle. 

The  male  is  very  small ;  it  scarcely  reaches  to  0*6mm.  {-^  of  an  inch) 
in  leugtL  I  have  not  had  time  to  get  drawings  of  this  interesting 
species  prepared,  but  it  has  such  a  characteristic  form  that  the  descrip- 
tion of  the  female  I  have  given,  together  with  the  habitat  of  the  species, 
should  facilitate  its  identification.     I  have  obtained  the  species  on  the 

♦  Kroyer,  Naturh.  Tidsakr.,  R  III.,  Bd.  2,  p.  830  (1864). 

t  The  arrangement  and  position  of  these  lateral  tubercles  seems  to  vary  slightly  in 
different  specimens ;  the  description  refers  to  the  general  appearance  as  seen  from  above. 
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gills  of  Callionymua  macidattis  from  the  Firth  of  Clyde,  collected  in  1899, 
and  from  the  Moray  Firth,  collected  at  Station  VII.  on  January  24th, 
1900.  From  the  ornate  character  of  the  species  I  have  called  it 
Chondracanthtis  omatus. 

Fam.  LERN^OPODIDiE. 

This,  the  last  of  the  series  of  seven  families  into  which  the  parasitic 
copepods  of  fishes  have  been  divided,  contains  ten  genera,  and  five  of 
these  are  represented  in  the  present  paper,  viz.: — Thysanotey  Charopinus, 
LemcBopoda,  Brachiella,  and  Anchor dla. 

Genus  Thysanote,  Kroyer  (1863). 

Thyaanote  impudica  (Nordmann).     (PI.  VIII.,  figs.  2-5.) 

1832.      BrachieUa  impudica^   Nord.,   Mikrog.   Beitr.,  vol.    ii, 

p.  92,  PL  VIII.,  fig.  3. 
1899.     Thysanote    impudica^    Basset-Smith,    Proc.    Zool.    Soc. 

Lond.  (April  1899),  p.  497. 

I  ascribe  to  this  species  a  small  BrachieUa-lWuQ  parasite  found  on  the 
gills  of  a  specimen  of  Trigla  hirundo  (the  red  gurnard)  in  the  collections 
of  fishes  in  the  Laboratory  of  the  Fishery  Board  for  Scotland  at  Bay  of 
Nigg,  Aberdeen.  I  have  not  been  able  to  ascertain  definitely  where  the 
fish  was  captured,  but  it  was  probably  taken  either  at  the  mouth  of  the 
Forth  estuary  or  in  the  Firth  of  Clyde. 

Genus  Cliaropinus,  Kroyer  (1863). 

CJuiropinus  dalmanni  (Retzius).     (PI.  VIII.,  figs-.  6-10.) 

1831.     Lemcea  dalmannii^  Retz.,  Froriep*s  Notizen,  vol.  xxix., 

p.  617,  PI.  VL,  fig.  5. 
1863.     Charopinus  dalmannii^   Kr.,   Naturh.   Tidsskr.,   r.    iii., 

p.  280,  PI.  XIV.,  fig.  6. 
1878.     Stylophorus  hypocephalus,  Hesse,  Ann.  Sci.  Nat.  (6),  vol. 

viii.,  art.  15,  p.  1. 
1891.     Charopinu8  dalmannit,  T.  Scott,  Ninth  Ann.  Kept.  Fish. 

Board  for  Scot.,  Pt.  III.,  p.  310. 

In  this  species  the  head,  or  anterior  portion,  of  the  thorax  is  ventrally 
and  abruptly  deflexed,  and  at  the  angle  of  the  thorax  thus  formed  there 
springs  from  each  side  a  long,  moderately  slender  and  indistinctly 
annulated  appendage,  which  becomes  dilated  and  lunuleform  at  the  apex. 
These  two  lunuleform  apices,  which,  though  not  actually  joined,  fit  very 
closely  together,  are  buried  in  the  tissues  of  the  fish  infested  by  this 
parasite.  These  appendages,  by  which  the  parasite  anchors  itself  to  the 
fish,  are  usually  described  as  the  second  maxillipedes.  The  posterior 
portion  of  the  thorax  becomes  gradually  enlarged  towards  the  distal  end, 
and  assumes  a  more  or  less  clavate  form;  two  moderately  long  and 
slender  processes  spring  from  the  ventral  aspect  and  just  in  6ont  of  the 
ovisacs ;  the  two  sides  of  the  posterior  portion  of  the  thorax  curve  slightly 
inwards  near  the  base,  and  each  terminates  in  a  small  lobe.  The  abdomen, 
which  is  situated  between  and  slightly  in  front  of  these  lobes,  is  almost 
obsolete.  The  ovisacs  are  of  moderate  length,  and  saccate,  and  the  ova 
are  small  and  arranged  in  multiserial  order.  The  following  measure- 
ments are  taken  from  a  specimen  of  average  size: — Length  of  second 
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maxillipedes,  22mm. ;  length  of  head  and  thorax  (anterior  to  the  angle 
from  whence  the  second  maxillipedes  spring),  Oram. ;  length  of  posterior 
portion  of  thorax,  15mm.  ;  length  of  ovisacs,  20mnj. ;  length  of  the 
ventral  thoracic  appendages,  10mm. ;  total  length  from  the  apices  of 
second  maxillipedes  to  the  end  of  ovisacs,  55mm.  (nearly  2J  inches). 

The  male  of  this  large  copepod  scarcely  reaches  beyond  two  millimetres 
in  length. 

The  antennules  in  the  female  are  apparently  three- join  ted,  and  are 
moderately  stout.  The  antennae  are  short,  stout,  and  feebly  clawed  (fig. 
8).  The  mandibles,  which  are  of  moderate  length  and  somewhat  slender, 
are  serrated  at  the  distal  end  of  the  inner  margin  (pg.  9).  The  anterior 
foot-jaws  (maxillipedes)  are  stout  and  feebly  clawed. 

In  the  male  the  thorax  and  abdomen  (fig.  7)  are  more  or  less  seg- 
mented) ;  and  the  maxillipedes  are  short  and  stout,  and,  being  armed  with 
strong  terminal  claws,  form  powerful  grasping  organs. 

Habitat. — In  the  nasal  fossae  (or  S[)iracle8)  of  the  grey  skate.  Rata 
batis.  All  the  specimens  we  have  obtained  have  been  found  in  the  nasal 
fossae  of  the  grey  skate.  Charopirvws  dalmanni  appears  to  be  moderately 
common  on  the  large  skate  brought  to  the  Fish  Market  at  Aberdeen ; 
sometimes  two  and  three  specimens  have  been  found  in  the  same  spiracle 
of  the  skate  examined  in  the  market.  1  have  also  taken  this  species 
from  a  grey  skate  captured  at  the  mouth  of  the  Forth  estuary. 

CharopinuB  dubius^  sp.  u. 

I  record  provisionally  under  this  name  a  CTiaropinus  which  has  been 
obtained  adhering  to  the  gills  and  gill-arches  of  the  cuckoo  ray.  Rata 
circularise  Couch.  The  fishes  from  which  these  copepods  were  obtained 
were  captured  in  the  Firth  of  Clyde  during  December  1899.  No 
specimens  of  this  copepod  have  so  far  been  observed  in  the  spiracles  of  the 
cuckoo  ray. 

This  Charopinus  resembles  more  or  less  closely  the  Charopinus  of  the 
grey  skate,  and  may  only  be  a  form  of  that  species.  The  following  points, 
however,  deserve  notice  : — 

Charopinus  dubius  is  distinctly  smaller  than  Charopinus  dalmanni. 
The  second  maxillipedes  are  more  slender  in  proportion  to  their  length, 
and  they  are  joined  to  each  other  at  the  apex  by  small  horn-coloured  plugs, 
which  unite  to  form  a  thin  circular  horny  disk,  hollow  in  the  middle  and 
with  the  margins  slightly  refiexed.  This  disk  is  usually  buried  in  the  hard 
substance  of  the  gill-arches,  and  is  difficult  to  dissect  out  while  retaining 
its  union  with  the  maxillipedes.  The  ovisacs  are  also  rather  more 
elongate  and  slender. 

The  most  obvious  difiference  between  Charopinus  dalmanni  and  the 
present  form,  other  than  that  of  size,  is  the  character  of  the  apices  of  the 
second  maxillipedes ;  the  difference  here  is  very  distinct  and  must  of  itself 
be  held  as  alone  of  specific  value  if  the  differences  recogTiised  by  Kroyer 
are  to  be  considered  valid.  According  to  that  distinguished  observer,  the 
more  important  specific  characters  by  which  Charopinus  dalmanni 
(Retz.)  and  Charopinus  ramosus,  Kr.,  are  distinguished,  are  taken  chiefly 
from  the  form  assumed  by  the  apices  of  the  second  maxillipedes.  Kroyer's 
definitions  of  these  species  are  as  follow : — 

"  Charopinus  dalmannii. 
^Laminae  cartilagineae,  quibus  affigitur  femiha,  semilunares/' 

•Naturh.  Tidaskr.,  R.  8,  Bd.  2  (18e8-64),  p.  862. 
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"  Cluii'fqyimiti  ramotfus. 

Laminse,  quibus  affigitur  femina,  exterius  in  ramos  binos  elongatos 
graciles,  cnicem  fere,  efiicieiites  productsB." 

My  specimens  differ  from  both  of  these  species  in  the  important 
characters  specially  referred  to  ;  they  also  differ  in  their  habitat.  Ch, 
ilalmanni  has  been  found  only  in  the  spiracles  of  the  grey  skate ;  Ch, 
ramosus  was  found  by  Kr<3yer  on  the  gills  of  the  Thornback  skate,  Rata 
davata,  Linn.,*  whereas  the  form  I  am  now  recording  was  found  attaclied 
to  the  gill-arches  (chiefly)  and  on  the  gills  of  Rata  eireularis. 

Different  specimens  of  Ch.  iluhius  differ  somewhat  in  the  proportional 
lengths  of  the  parts.  The  following  tabular  statement  shows  the  lengths  of 
two  fairly  typical  specimens,  to  which  the  sizes  of  Ch,  dalmanni  are  added 
for  comparison : — 


Length  of 


Charopinus  duMus. 


No.  1. 


No.  2. 


Second  maxillipedes, 11  mm. 

Anterior  iK>rtion  of  thorax  and  head,    .         .1  6  ,, 

Posterior  portion  of  thorax,          .        .        .     j  8*5  „ 

Posteiior  appendages, 4  ,, 

Ovisftcs,        ...                .        .        .     '  18  ,, 

Apex  of  second  maxillipedes  to  end  of  ovisacs,  i  37  ,, 
Apex  of  second  maxillipedes  to  posterior  end    j 

of  thorax, '  19  ,, 


»» 


11*5  mm. 
5 
6 

damaged 


18  mm. 


Charopintu 
dcUmanni. 


22  mm. 

9    „ 
15    „ 

10  „ 
20  „ 
66    „ 


Genus  Lernceopoda,  Kroyer  (1837). 

Specimens  of  Lemceopoda  have  been  obtained  on  a  number  of 
different  kinds  of  fishes,  and  several  species  appear  to  be  represented 
among  them,  but  some  of  the  so-called  species  approximate  so  closely  as 
to  render  their  identification  somewhat  difficult.  Five  species  arc 
recorded  here. 


Lermeopocla  (?)  dongaia  (Grant).     (PL  VIII.,  figs.  11-15.) 

1827.     Jyernoia  elongata^  Grant,  Brewster's  Edin.  Journ.  Sci.,  vol. 
VII,,  p.  U7,  PI.  II.,  fig.  5. 

1850.     Lem(Bopod4i  elongcUa,  Baird,  Brit.  Entom.,  p.  333,  PL 
XXXV.,  fig.  5. 

The  specimen  I  record  under  this  name  is  rather  smaller  than  those 
occasionally  described,  but  it  apparently  agrees  with  the  species  named 
in  some  at  least  of  its  more  important  characters,  t.e.,  the  form  of  the 
cephalic  shield,  the  large  and  well-developed  anterior  pair  of  maxillipedes, 
and  the  very  long  and  slender  posterior  maxillipedes.  The  abdomen  is 
very  short,  and  the  posterior  processes  of  the  genital  segment  are  almost 
obsolete. 

The  entire  length  of  the  specimen  represented  by  the  figure  was  at 
least  three-quarters  of  an  inch,  and  it  was  obtained  on  a  porbeagle 
shark,  Lamna  comuhica.  Where  the  fish  was  captured  I  cannot  exactly 
say,  though  probably  it  was  in  the  North  Sea,  somewhere  off  the  Scottish 
coasts. 

•Op.  cit,  p.  858. 
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One  or  two  of  the  cephalo  thoracic  appendages  are  represented  by 
figures  4-8. 

Lemceopoda  gcUei,  Kroyer.     (   L  VIII.,  figs.  16-25.) 

1837.    Lemosopofla  galei,  Kr.,  Naturh.  Tidsskr.,  r.  i.,  vol.  i.i  p.  272, 
PI.  III.,  ^g.  6. 

1850.    Lemceopoda  galei,  Baird,  op.  cit.,  p.  334,  PL  XXXV., 
fig.  7. 

A  number  of  specimens  of  Tjemceapotla  galei  have  been  obtained  on 
tope  (or  topers,  as  the  fish  is  sometimes  called),  Caleus  cants,  Rondel. 
{Galeus  vulgaris,  Flera.),  occasionally  brought  to  the  Fish  Market  at 
Aberdeen.  Specimens  have  also  been  sent  to  me  by  Mr.  Duthie,  the 
fishery  officer  at  Girvan,  which  he  had  obtained  on  topers  captured  in 
Clyde  waters  and  landed  there.  The  parasites  were  most  frequently 
found  adhering  to  the  skin  beneath  and  between  the  ventral  fins  of  male 
fishes ;  it  appeared  to  be  less  frequent  on  females.  Lemasopoda  galei 
has  also  been  obtained  on  a  male  specimen  of  the  lesser  spotted  dog-fish, 
Sq/llium  canidUOy  caught  in  the  Firth  of  Clyde,  and  on  a  specimen  of 
the  same  kind  of  dog-fish  sent  from  the  Moray  Firth.  This  Moray  Firth 
specimen  was  also  a  male. 

In  this  species  of  Lemceopoda  the  arms  are  only  moderately  elongated ; 
the  body  becomes  gradually  dilated  posteriorly,  and  is  truncate  at  the 
end.  The  abdomen  is  almost  obsolete,  and  is  situated  between  two 
distinct  though  short  and  slender  processes  which  spring  from  the  end  of 
the  genital  segment. 

The  antennules,  antennae,  and  mouth-organs  are  somewhat  similar  to 
those  of  Lemceopoda  elongcUa,  The  specimen  represented  by  the  drawing 
is  about  13mm.  in  length  from  the  forehead  to  the  end  of  the  posterior 
appendages,  and  exclusive  of  the  ovisacs  and  the  second  maxillipedes.  In 
another  specimen,  which  measured  about  14mm.,  the  ovisacs  measured 
fully  9mm.,  and  the  posterior  appendages  about  3mm. 

Lemceopoda  buliscdlis,  W.  F.  de  Vismes  Kane. 

1892.     Lemceopoda  hidiscalis,  W.  F.  de  V.  Kane,  Proc.  Roy. 
Irish  Acad.  (3),  vol.  ii.,  p.  203,  Pis.  IX.  and  X. 

The  species  described  under  this  name  has  hitherto  been  observed  only 
on  the  male  of  the  tope,  Galeus  canis.  It  is  found  adhering  to  the  ends  of 
the  claspers,  [and  the  place  where  the  parasites  are  attached  is  almost 
invariably  found  to  be  torn  and  bleeding.  The  describer  of  the  species 
draws  attention  to  this  circumstance.  I  have  found  it  to  be  almost 
invariably  the  case  with  topers  landed  at  the  Fish  Market  at  Aberdeen, 
and  Mr.  Duthie,  fishery  officer  at  Girvan,  finds  that  male  topera  caught 
in  the  Clyde  and  landed  at  that  place  have  also  the  ends  of  the  claspers 
torn  and  bleeding  where  these  parasites  were  adhering.  Whether  these 
wounds  are  caused  directly  by  the  parasites  or  are  produced  by  the  efforts 
made  by  the  sharks  to  shake  off  their  tormentors  is  a  question  that  does 
not  yet  appear  to  have  received  a  satisfactory  answer.  Usually  one,  but 
sometimes  two,  parasites  are  found  adhering  to  the  same  clasper,  and  on 
a  few  occasions  we  have  found  two  parasites  on  each  of  the  two  claspers 
of  the  same  fish.  The  fishes  from  which  the  parasites  were  obtained  were 
chiefly  adult  males  with  well-developed  claspers ;  we  have  rarely  observed 
this  Leimwopod  adhering  to  the  claspers  of  young  males. 

The  specimens  of  Lemceopoda  bidiscalis  observed  by  us  had  for  the 
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most  part  the  anterior  portion  of  the  head  of  a  bright  red  or  orange 
colour,  and  frequently  the  male  was  found  adhering  U  the  female. 

Tope  (or  topers)  are  occasionally  brought  to  the  Aberdeen  Fish  Market 
by  the  steam  trawlers,  and  it  is  from  the  fishes  landed  there  that 
I  have  obtained  most  of  my  specimens  of  this  parasite.  Mr.  Duthie 
has  recently,  however,  sent  me  specimens  of  the  parasite  obtained 
on  male  topers  captured  in  the  seaward  poition  of  the  Clyde  and  landed 
at  that  port.  The  discovery  of  this  species  by  Mr.  l)uthie  makes  an 
interesting  addition  to  the  Clyde  Copepod-fauna. 

One  of  the  more  obvious  characters  by  which  the  species  may  be  dis- 
tinguished is  that  of  the  comparatively  large  roundish  disks  which  termi- 
nate the  short  second  pair  of  maxillipedes.  The  whole  animal  is  short  and 
robust — very  different  in  appearance  from  the  more  elegant  LemcBOpoda 
galei. 

One  of  the  most  typical  female  specimens  obtained  by  us  gave  the 
following  measurements : — From  forehead  to  end  of  thorax,  5'5mm. ; 
from  forehead  to  end  of  posterior  thoracic  a])pendage8,  7mm. ;  from  fore- 
head to  end  of  ovisacs,  13mm. ;  greatest  width  of  thorax,  almost  4mm. 

The  male  of  Lprnwo-poda  hvHscaHs  has  a  general  resemblance  to  that  of 
LemcBopoda  gaiety  but  the  maxillipedes  and  other  mouth-organs,  and  the 
antennal  appendages,  differ  somewhat  in  structure  from  those  of  that 
species. 

Lern<jeopo*7a  salmonea  (Gisler),     (PI.  VIII,,  fig.  26.) 

1751.     Pediculus  salmonis,  Gisler,  K.  S.  Yet.  Ak.  Handl.,  vol.  xii , 

p.  171,  PI.  YIIL,  figs.  1-5. 
1761.     Lerrueopoda  salmonea,  lAnn.y  Faun.  Suec.  (2ud  edition), 

p.  509,  No.  2102. 
1850.     LeiTKBOpoda  salmonea^  Baird,  op.  cit.,  p.  335,  PI.  XXXV., 

fig.  6. 

This  species  was  obtained  on  the  gills  of  a  diseased  salmon,  Saimo  salar, 
caught  in  the  Firth  of  Tay  in  January  1891,  and  also  on  the  gills  of  a 
trout  sent  to  the  Fishery  Board's  laboratory  from  a  loch  in  Sutherland- 
shire.  Lemceopoda  aa/moti^a  is  a  smaller  species  than  any  of  the  others 
already  mentioned  ;  the  specimen  represented  by  the  figure  measured  only 
about  6mm. 

In  this  species  the  arms  are  short  and  moderately  stout.  The  cephalo- 
thorax  seen  from  above  is  sub-triangular,  while  the  posterior  portion  of 
the  thorax  assumes  a  sub-clavate  form  by  gradually  increasing  in  width 
towards  the  distal  extremity.  The  posterior  thoracic  processes  and  the 
abdomen  are  very  minute  (fig.  2G). 

I^ernoBopo^la  chiihcey  sp.  n.     (PI.  VIII.,  figs.  27-37.). 

The  cephalothorax  in  this  species  is  small  and  sub-triangular.  A  distinct 
and  comparatively  narrow  neck  connects  the  cephalothorax  with  the 
posterior  portion  of  the  body  ;  this  posterior  portion  is  somewhat  dilated 
and  sub-cylindrical,  and,  in  spirit  specimens,  shows  a  few  pseudo-constric- 
tions. Two  short  processes  spring  from  the  posterior  end  of  the  genital 
segment,  and  the  abdomen,  which  is  situated  between  these  processes,  is 
very  small.  The  thoracic  arms  (second  maxillipedes)  are  slender  and  of 
moderate  length. 

The  antennules  and  antennsc  are  somewhat  similar  to  those  of  species 
already  recorded  (figs.  30,  31).  The  mandibles  are  small,  and  their 
biting  margins  are  finely  and  somewhat  irregularly  serrated,  and  in  this 
respect  they  differ  very  markedly  from  the  same  appendages  in  Lemaso- 
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podu  galei.  The  maxilla;  (fig.  32)  are  small,  and  have  tlic  end -joint 
armed  with  two  moderately  elongate  and  stout  terminal  spines.  The 
anterior  foot-jaws  (first  maxillipedes,  fig.  33)  are  more  slender  and  rather 
more  elongate  than  those  of  Lemceopoda  galei  (fig.  34). 

The  male  of  LeimifopotJa  eluthv  differs  considerably  from  that  of 
Ij^rrneopoila  galei,  or  Lomoiopofla  bpfiscafis,  and  especially  so  in  the 
ritmcture  of  the  abdomen  and  caudal  appendages.  In  the  male  of 
LerncBopotla  dtUhr  the  abdomen  is  distinctly  segmented,  and  the  caudal 
furca  consists  of  two  slender  processes,  while  in  the  two  other  species 
named  the  furca  assumes  the  form  of  broadly  oval,  or  club-shaped, 
appendages,  divergent  and  reflexed  upon  the  abdomen  (fig.  37). 

The  female  specimen  represented  by  fig.  28  measures,  from  the  front  of 
the  head  to  the  end  of  the  posterior  thoracic  appendages,  5mm.,  and  from 
the  termination  of  the  same  thoracic  appendages  to  the  extremity  of  the 
elongated  second  maxillipedes  about  8mm.  The  posterior  thoracic 
appendages  are  scarcely  1mm.  long,  and  the  length  of  the  ovisacs,  which 
varies  considerably  in  different  specimens,  is  scarcely  4mm.,  in  the  one 
represented  by  the  figure. 

Habitat. — Attached  to  the  gill- filaments  of  the  Fuller's  Kay,  Raia 
fullonica,  captured  in  the  Firth  of  Clyde  in  April  1897. 

This  Lenuwporf  is  quite  distinct  from  any  of  the  other  species  recorded 
here.  The  form  of  the  female ;  the  form  and  armature  of  its  mandibles, 
maxillsB,  and  first  maxillipedes,  and  the  general  structure  uf  the  male,  all 
differ  from  any  other  species  of  Lermvopoff  known  to  me. 

Besides  the  species  of  Lenuwpotla  recorded  in  the  preceding  notes, 
there  are  other  two  forms  which  for  the  present  will  have  to  stand  over, 
as  there  has  not  been  time  to  study  their  characters  sufficiently  to  allow 
of  their  being  included  in  the  present  paper.  One  of  these  forms  was 
obtained  on  the  gill-filaments  of  the  grey  slate,  Raia  batis ;  the  other 
was  obtained  on  the  gill-filaments  of  the  cuckoo  ray,  Raia  circularise 
both  from  the  Firth  of  Clyde. 

Genus  BrachieUoy  Cuvier. 

This  genus  differs  from  Lemceopoda  in  having  the  cephalo-thoraz  more 
or  less  elongated  and  moderately  slender.  The  arms  (second  maxillipedes), 
are,  as  in  Lemwopoda,  usually  separate  except  at  the  ends  where  they  are 
united  to  a  hard  horny  button,  which  serves  to  anchor  the  parasite  to  its 
host.  In  some  of  the  species  at  least  there  are  two  pairs  of  caudal 
appendages. 

The  following  are  the  species  of  Bra>chiella  that  have  come  under  my 
observation : — 

BraehieUa  rostrata,  Krbyer.     (PI.  VHI.,  figs.  38-39.) 

1837.     BraehieUa  rostrata,  Kr.,  Naturh.  Tidsskr.,  r.  i.,  vol.  i, 

p.  207,  PI.  IL,  fig.  1. 
1864.     BraehieUa  rostrata,  Kr.,  op.  cit.,  b.  iil,  vol.  2,  p.  364,  PI. 

XVII.,  fig.  8. 

A  number  of  specimens  of  this  fine  species  have  been  obtained  on  the 
gills  of  large  halibut,  Hippoglossus  vulgaris,  brought  to  the  Fish  Market 
at  Aberdeen.  In  the  female  of  BraehieUa  rostrata,  the  mouth-organs 
have  a  close  resemblance  to  those  of  Lemceopoda.  The  mandibles  and 
maxillsB  of  this  species  are  somewhat  similar  to  those  of  BraehieUa 
insidiosa.  The  antennae,  which  are  moderately  stout,  do  not  show  much 
structural  development,  and  the  anterior  maxillipedes  though  short  have 
moderately  strong  terminal  claws. 
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The  female  specimen  represented  by  the  drawing  (fig.  38)  is  fully 
17mm.  in  length  from  the  head  to  the  end  of  the  posterior  thoracic 
appendages.  The  male  of  this  species,  one  of  which  is  represented  by 
fig.  39,  measures  about  2mm.  in  length. 

Brachiella  tnsuliosa,  Heller.     (PI.  VIII.,  figs.  10  and  41.) 

1865.     BracJiiella  iuMvpsa^  Heller,  Keise  der  Novara,  p.    239, 

PI.  XXIV.,  fig.  1. 
1896.     Brachiella  insp/iosa,  Basset-Smith,  Ann.  and  Mag.  Nat. 

Hist.  (6),  vol.  xviii.,  p.  U,  PI.  VI.,  fig.  2. 

This  is  a  moderately  robust  species,  the  cephalothorax  is  short,  and  so 
arc  the  second  maxillipedes.  There  are  two  pairs  of  posterior  appendages 
to  the  thorax  in  this  species ;  those  at  the  posterior  angles  are  elongated 
and  slender,  and  the  intermediate  ones  are  short  (fig.  40).  The  female 
specimen  represented  by  fig.  40  measured  about  12'5mm. ;  the  male 
(fig.  41)  is  somewhat  like  the  male  of  Brachtelln  roatrata. 

The  mandibles  in  the  female  of  Brachiella  imtidiosa  are  more  power- 
fully armed  than  those  of  B.  rostrata ;  but  the  maxillie  are  rather  smaller. 

Habitat, — On  the  gills  of  hake,  Merluccivs  vtdgaris,  captured  in  the 
Firths  of  Forth  and  Clyde,  and  on  hake  brought  to  the  Fish  Market  at 
Aberdeen. 

Brachiella  merlucci%  Basset-Smith.     (PI.  VIII.,  fig.  42.) 

1896.     Brachiella  merluccii,  Basset-Smith,  op.  cit.  (6),  vol.  xviii., 
p.  14,  PI.  VI.,  fig.  1. 

From  Dr.  Basset  Smith's  description  of  this  species,  which  contains  all 
that  is  of  special  note  concerning  it,  I  extract  the  following  reference  to 
the  general  appearance  of  the  female: — "Cephalothorax  of  moderate 
length,  about  equal  to  that  of  the  genital  segment^  tapering  towards  the 
head  and  bent  forward  in  an  obtuse  angle.  Head  slightly  widest  in 
front,  the  arms  (second  maxillipedes)  not  quite  so  long  as  the  cephalo- 
thorax, being  united  in  the  whole  length  by  a  thin  membrane.  Organ  of 
attachment,  a  chitinous  cup  with  a  short  pedicle." 

"  Genital  segment  fiddle-shaped,  very  thick,  carrying  posteriorly  two 
pairs  of  elongated  processes ;  a  dorsal  pair  directed  backwards  and 
outwards  and  a  vertical  pair  rising  on  either  side  of  a  filiform  abdomen 
(post-abdomen,  Gerst),  these  being  directed  backwards,  outwards,  and 
upwards,  encircling  the  ovisacs." 

In  a  concluding  note  Dr.  Basset-Smith  directs  attention  to  the  peculiar 
position  which  this  species  occupies  in  the  genus  Brachiella,  According 
to  the  present  classification  this  species,  lie  says,  should  be  placed  with 
AnclKfrella,  for  in  the  female  the  second  maxillipedes  are  short  and  are 
also  united  in  their  whole  length,  but  the  peculiar  Brachiella-iorm  of 
the  male  causes  it  to  be  placed  in  this  genus. 

From  the  peculiar  habit  of  the  animal  it  is  somewhat  difficult  to  get  a 
specimen  into  a  good  position  for  drawing.  Figure  42  gives  a  side  view 
of  a  specimen  measuring  about  8'5mm.  in  length.  The  antennal 
appendages  and  mouth-organs  agree  in  general  structure  with  other 
species  of  Brachiella. 

A  certain  amount  of  variation  is  observable  between  different  specimens, 
but  the  general  configuration  of  the  animal,  its  short  arms,  and  the  number 
and  position  of  the  posterior  appendages,  are  all  so  characteristic  of  the 
species  that  there  need  be  little  difiiculty  in  identifying  it. 

I  have  obtained  specimens  of  this  Brachiella  on  hake  captured  in  the 
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Firth  of  Clyde  by  tlie  "Garland,"  and  also  on  large  hake  brought  to 
the  Fish  Market  at  Aberdeen.  Brachiella  merlwxii  is  usually  found 
attached  to  the  gill-rakers  of  the  hake,  and  chiefly  on  the  larger 
specimens  of  the  flsh. 

Genus  AndioreUa,  Cuviei  (1817), 

In  this  genus  the  arm-shaped  appendages  are  very  short,  and  they 
are  united  to  each  other  from  the  base  so  as  to  resemble  a  single 
organ  (Baird). 

Anchordla  emargincUa,  Kroyer.     (PI.  VIII.,  figs.  49-51.) 

1837.     Anchordla   emarginata,    Kr.,    Naturh.    Tidsskr.,    r.    i., 
vol.  i.,  p.  287,  PI.  III.,  fig.  7. 

A  specimen  of  Anchordla  which  appears  to  belong  to  AnchoreUa 
emarginata,  Kr.,  was  obtained  on  the  gills  of  a  twaite  shad  {Clupea 
finta)  captured  near  Dunbar,  at  the  mouth  of  the  Firth  of  Forth,  in 
February  1897.  This  form,  though  small,  readily  attracted  one's  atten- 
tion because  of  its  extremely  long  and  slender  cephalothorax  when 
compared  with  the  robust  form  of  the  body  and  ovisacs  (fig.  49). 

The  antennules  in  this  species  are  of  moderate  length  and  apparently 
three-jointed.  The  mandibles  are  very  small  and  armed  with  a  few  teeth 
(fig.  51).  The  maxillse  are  rather  larger  than  the  mandibles,  and  are 
provided  with  three  apical  spines ;  the  secondary  branches  of  the  maxillce 
are  very  small  (fig.  50).  The  first  maxillipedes  are  small  and  moderately 
strong ;  the  terminal  claws  are  small.  Dr.  Basset-Smith  states  that  in 
this  species  the  second  maxillipedes  are  not  completely  united  at  their 
bases ;  this  is  shown  to  be  the  case  in  our  specimen  also.  In  this 
particular,  Ancliorella  emargiiiaia  does  not  altogether  agree  with  the 
characters  of  the  genus,  and  seems  to  form  a  connecting  link  between  that 
genus  and  Brachtdla.  On  the  other  hand,  Brachiella  merluceii,  as  has 
been  shown,  partakes  also  of  the  characters  of  the  same  two  genera,  though 
apparently  more  closely  allied  to  the  genus  to  which  it  has  been 
ascribed.  It  will  be  observed,  further,  that  in  this  specimen  now  under  con- 
sideration the  cephalothorax  springs  apparently  from  near  the  middle  of 
the  genital  segment  and  becomes  somewhat  attenuated  towards  the  end  ; 
also  that  the  abdomen  is  so  minute  that  it  is  not  shown  in  my  drawing 
(fig.  49).  This  drawing  represents  a  side  view  of  the  specimen,  and  the 
projection  of  the  posterio-lateral  lobe  on  the  side  next  the  observer  pre- 
vents the  abdomen  from  being  seen. 

The  specimen,  of  which  the  figure  is  a  representation,  measures, 
exclusive  of  the  elongated  cephalothorax  and  of  the  ovisacs,  scarcely  two 
and  a  half  millimeters  in  length. 

Anchorella  (?)  rugosay  KrOyer.     (PI.  VIII.,  figs.  45-48.) 

1837,     Anchorella  riLgosa,  Kr.,  Naturh.  Tidsskr.,  r.  i.,  vol.  i.,  p. 

294,  PI.  III.,  fig.  6. 
1850.     Anchorella  rugosa^  Baird,  op.  cit.,  p.  338,  PI.  XXXV., 

fig.  8. 

The  Anchorella  which  I  ascribe  to  KrOyer's  A,  rugosa  was  obtained  on 
the  gills  and  gill-covers  of  the  cat-fish,  Anarrhicfias  lupus,  Linn.,  where 
it  is  sometimes  not  very  rare.  I  find  also  on  the  cod-fish  what  appears  to 
be  the  same  species  of  Ancliorella.  It  b  evident,  however,  that  these 
organisms,  so  far  as  the  British  species  are  concerned,  require  a  more 
careful  study  than  they  have  yet  received. 
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Anehordla  rugosa  differs  very  distinctly  from  the  last,  especially  by 
the  structure  of  the  second  mazillipedes.  In  this  species  these  appendages 
are  much  more  atrophied,  being  reduced  to  little  more  than  a  small 
button-like  projection  at  the  anterior  end  of  the  robust  genital  segment. 
The  cephalothoraz  is  not  so  elongated  as  in  the  form  just  described ;  it  is 
also  proportionally  stouter  and  more  rugose.  The  genital  segment  is 
considerably  dilated,  and,  when  looked  at  from  above,  or  below,  has  a 
nearly  square  outline,  the  two  sides  being  slightly  emarginate  or  con- 
stricted.    The  ovisacs  are  stout  and  of  moderate  length. 

The  antennules  and  mandibles  (fig.  47)  are  somewhat  similar  to  those 
of  AncJioreUa  emargiiuita  but  larger.  The  maxill»  are  distinctly  larger, 
besides  being  somewhat  different  in  structure ;  moreover,  the  anterior 
maxillipedes  are  considerably  stouter  than  the  same  organs  of  that  species. 

The  male  is  greatly  dilated  on  the  dorsal  aspect  (fig.  46),  and  measures 
only  about  a  millimetre  in  length.  The  anterior  and  posterior  foot-jaws 
are  stout,  and  armed  with  short  but  strong  terminal  claws. 

I  have  obtained  Anclwrdla  rugosa  on  Anarrrhichas  lupus  in  the  Firth 
of  Forth  and  the  Firth  of  Clyde,  and  also  on  the  same  species  of  fish 
brought  to  the  Aberdeen  Fish  Market. 

It  seems  to  me  that  Ancliorella  ru^josa,  Kr.,  is  quite  distinct  from 
Andtorella  emurginatcL,  Kr.,  a^  shown  by  that  author's  descriptions  of  the 
two  forms.  As  these  descriptions  are  short,  it  may  be  of  interest  to  give 
them  in  the  author's  own  words,  which  are  as  follow  : — 

Abflomine  nvllo  vel  indistincto, 
AncJu/rella  emargiiiata,  Kr. 

"Caput  mediocre  vel  parvum,  a  collo  bene  distinctum  ;  collum  gracile, 
longissimum ;  brachia  gracilia,  brevissima,  bulla  simplice ;  annulus  genitalis 
dilatatus  (latior  fere  quam  longior),  obcordatus,  postice  medio  siuum 
praebens  rotundatum.'' 

Anchorelia  rugosa,  Kr. 

''  Caput  latum  complanatum,  a  collo  bene  distinctum ;  collum  elongatum 
Bed  crassus,  valde  rugosum  ;  brachia  fere  rudimentaria,  quasi  in  discum 
dilatata,  bulla  minuta,  simplice ;  annulus  genitalis  latior  quam  longior, 
sub-quadratus,  postice  late  truncatus,  supra  iufraque  rugis  sulcisque 
insignitus." 

Dr.  Baird's  description  of  Aiiclwrella  rugoi^a,  Kr.,  agrees  with  that  of 
Kroyer,  but  the  figure  of  the  species  seems  to  represent  some  other 
form.  Kroyer  in  his  remarks  on  the  genus  also  refers  to  this  difference  in 
Dr.  Baird's  figure.  *  This  want  of  agreement  is  probably  due  to  some 
misunderstanding  on  the  part  of  the  artist. 

Anchorelia  rugosa,  var.     (PI.  VIII.,  fig.  52.) 

The  specimen  represented  by  figure  52,  though  it  agrees  very  closely 
with  that  from  the  Anarrchichas,  differs  somewhat  in  the  structure  and 
armature  of  the  mandibles  and  maxillae  ;  the  antennules  also  are  slightly 
different,  and  will  require  further  study.  This  form  has  been  obtained 
on  the  haddock  {Gadus  f/fglefinus), 

Anehordla  uncinata^  Miiller.     (I'l.  VIII.,  figs.  43  and  44.) 

1776.       Lerncea    uncinafa,    Muller,    Zool.    Dan.,    vol.    L,    PL 

XXXIIL,  fig.  2. 
1850.     Anchorelia  uncinatay  Baird,  op.  cit.,  p.  337,  PL  XXXV., 

fig.  9. 
Specimens  of   what  I  take  to  be  this  species  are  not  uncommon  on 

*  Naturh.  Tidwkr.,  R.  111.,  B.  ii.,  p.  306  (18W). 
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species  of  Gadus,  such^  for  example,  as  Gadus  inerlamjus^  captured  in  the 
Clyde  and  other  parts  of  the  Scottish  coasts. 

In  this  species  (which  belongs  to  Krbyer's  division  B)  the  abdomen  is 
quite  distinct,  and  is  in  the  form  of  a  prominent  roundish  kuob.  The 
cephalothorax,  though  nearly  of  the  same  length,  is  scarcely  so  stout  as  in 
Anchorella  rugosaj  but  the  second  maxillipedcs  are  more  produced  (fig.  43). 
The  genital  segment  is  moderately  elongate  and  ovate.  Tlie  female 
represented  by  the  drawing  measures  about  seven  millimetres  in  length, 
exclusive  of  the  cephalothorax  and  ovisacs. 

The  male,  which  is  very  small,  has  a  general  resemblance  to  the  male 
of  Anchorella  rugosa  (fig.  44). 

The  female  anteunules  are  moderately  stout,  and  apparently  three- 
jointed.  The  maxillae  are  small,  somewhat  dilated  towards  the  distal  end, 
and  provided  with  two  terminal  spines.  The  first  maxillipedes  are  also 
small,  they  are  each  armed  with  a  short  terminal  claw. 

Anchorella  stellata,  Krbyer. 

1838-39.      Ancliorella  stellata,  Kr.,  Naturh.   Tidsskrift,   r.    i., 
vol.  ii.,  p.  142,  PI.  III.,  fig.  6. 

1864.     Anchorella  stellata,  Kr.,  op.  cit.,  r.  iii.,  vol.  ii.,  p.  383. 

This  species  of  Anchorella  was  obtained  on  some  specimens  of  hake, 
Merlucciue  vulgaris,  forwarded  from  the  Clyde  to  the  Laboratory  at  Bay 
of  Nigg.  The  fishes  were  captured  by  the  "  Garland "  in  Kilbrennan 
Sound  on  December  18th,  1899. 

In  Anchorella  stellata  the  cephalothorax  is  moderately  long  and  alender, 
and  has  the  appearance  of  being  continuous  with,  and  but  a  prolongation 
of,  the  united  second  maxillipedes — the  head  being  at  one  end  of  the  pro- 
longation and  the  chitinous  plug,  which  terminates  the  maxillipedes,  at  the 
other ;  the  length  of  this  portion  of  the  animal  measures  on  an  average 
about  6mm.  The  genital  segment  is  ovoid  in  shape  and  measures  about 
4mm.  in  length  by  fully  2mm.  in  thickness.  When  the  animal  is  alive 
or  only  recently  dead  this  segment  has  the  appearance  of  a  pellucid  and 
almost  transparent  bag,  so  that  the  creature  is  liable  to  be  passed  over 
under  the  belief  that  it  is  only  a  small  roundish  mass  of  mucus  ;  in  spirit 
the  genital  segment  assumes  a  whitish  appearance. 

The  membranous  tissue  surrounding  the  second  pair  of  maxillipedes, 
and  binding  them  together,  is  nearly  transparent,  and  the  maxillipedes 
could  be  easily  seen  side  by  side  within  their  investment  ;  it  could  also 
be  observed  that  each  maxilliped  terminated  in  two  or  three  minute 
roundish  lobes,  wbich  together  were  arranged  in  a  semi-circular  manner 
round  the  inferior  aspect  of  the  apices  of  the  maxillipedes,  while  from 
between  the  apices  on  the  upper  side  proceeded  the  small  chitinous 
process  by  which  the  creature  attached  itself  to  the  fish.  Moreover,  in 
each  of  the  specimens  of  this  Anchorella  that  was  examined,  the  chitinous 
process  was  observed  to  be  adherent  to  the  basal  part  of  a  scale,  but  the 
process  did  not  penetrate  through  the  scale,  but  spread  out  into  a  sucker- 
like disk  between  its  outer  and  inner  surfaces  ;  and  this  sucker-like  disk 
when  closely  examined  exhibited  a  series  of  clear  oval  markings,  which 
were  arranged  at  regular  intervals,  and  in  a  stellate  manner,  just  within 
the  circumference  of  the  disk.  The  markings,  which  could  be  easily  seen 
with  a  hand-lens,  did  not  extend  to  the  margin  as  shown  in  Kroyer's 
figure,  but  a  small  portion  of  the  margin  formed  a  continuous  rim  round 
the  periphery  of  the  disk ;  it  is  from  this  stellar  arrangement  of  the 
pellucid  markings  that  the  specific  name  is  derived. 

The  abdomen  is  scarcely  developed  in  this  species  ;  it  appears  as  a  very 
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slightly  produced  middle  i)oi-tion  of  the  posterior  end  of  the  genital 
segment,  while  on  each  side  of  it  is  a  minute  tubercle  representing  the 
posterio^lateral  processes  so  characteristic  of  species  of  G1wndracanthu$ 
and  Brachidla, 

The  si>ccimens  of  Anrhoreila  afellala  which  I  have  observed  were  found 
adhering  to  the  scales  near  the  bases  of  the  pectoral  and  ventral  fins, 
especially  those  of  the  pectorals,  of  the  hake.  It  is  interesting  to  note 
that  Kroyer  found  his  specimens  of  this  AnrJioreUa  also  on  the  same 
species  of  fish. 

In  concluding  for  the  present  these  notes  on  the  copepod  parasites  of 
fishes,  I  may  mention  one  point  which  has  been  of  some  interest  to  me  in 
the  course  of  my  study  of  the  structural  details  of  the  various  species  I 
have  had  the  privilege  to  examine.  A  cursory  glance  over  the  plates  of 
figures  which  accompany  these  notes  shows  that  almost  all  the  species 
that  have  been  recorded  arrange  themselves  naturally  into  three  distinct 
groups  by  the  structure  of  their  mandibles.  In  the  group  to  which 
Caliytis  and  Lepeophtheirus  belong  the  mandibles  are  for  the  roost  part 
long  and  slender ;  their  apex  has  usually  a  slight  inward  curve,  and  the 
inner  edge  of  this  curved  portion  is  minutely  serrated;  the  mandibles  in 
this  group  are  also  usually  composed  of  several  more  or  less  distinct  joints. 

In  the  second  group  represented  by  Chondracanthus  the  mandibles  are 
large  and  falciform — somewhat  like  a  broad-bladed  scimitar — with  one 
edge,  and  sometimes  with  both  edges,  fringed  with  setas  or  teeth. 

In  the  third  group  represented  by  Brachidla  and  Lemcepoda  the 
mandibles  assume  a  cleaver-like  form,  and  the  anterior  third  part,  more  or 
less,  of  the  inner  margin  is  nearly  straight  and  armed  with  teeth  usually 
coarse,  and  sometimes  irregular  in  shape.  Other  peculiarities  of  structure 
— as  for  example,  that  of  the  antennules,  characteristic  of  certain  groups — 
may  also  be  observed  by  anyone  who  cares  to  devote  a  little  time  to  the 
study  of  these  interesting  organisms. 

I  will  now  proceed  to  notice  briefly  a  few  crustacean  parasites  of  fishes 
belonging  to  some  of  the  groups  that  have  come  under  my  observation, 
and  my  notes  will,  as  in  the  preceding  part  of  this  paper,  refer  principally 
to  Scottish  species. 

(1)  Branchiura. 

Argtdue  foltaceuSy  Linn. 

A  few  years  ago  this  curious  little  entomostracan  was  found  to  be  very 
common  on  the  greyling,  Thymailua  vulgaris,  in  the  upper  waters  of  the 
Clyde.  So  much  were  these  fishes  infested  by  the  little  parasites  that 
they  were  blamed  for  being  the  cause  of  the  unhealthy  appearance  which 
these  fishes  at  this  time  had  assumed.  A  friend  secured  a  number  of  the 
parasites  and  sent  them  to  me,  and  promised  to  try  and  obtain  some 
more.  It  happened,  however,  that  within  the  next  few  days  a  heavy 
rain  set  in  and  flooded  the  river,  and  he  was  thus  prevented  from  securing 
other  specimens;  and  when  the  weather  moderated  he  found  that  the 
Argidua  had  all  disappeared,  and  that  the  fish  had  assumed  a  more 
healthy  appearance. 

ArgiUus  foliaceiis  has  also  been  taken  on  the  three-spined  stickleback, 
Gasterosteus  actdeaitts,  in  the  Union  Canal  near  Edinburgh,  by  Miss 
Janet  Carphin,  who  kindly  presented  me  with  a  few  specimens. 

Several  species  of  Argulus  have  been  described  by  Continental  writers 
on  parasitic  Crustacea,  but  A,  foliaceus  is  the  only  one  I  know  of  as 
occurring  in  Scottish  waters. 
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(2)  IsopoDA  Parasita. 

Several  species  of  the  parasitic  Isopods  of  fishes  have  been  observed, 
of  which  the  following  may  be  referred  to : — 

Gnathia  maxillaris  (Mont.). 

Specimens  of  Crnaihia^  which  I  consider  to  belong  to  this  species,  have 
been  found  adhering  to  the  gills  of  the  common  gurnard,  Trigla  gumardus^ 
and  of  the  lemon  sole,  Pleuronedes  microcephaluSy  sent  by  the  "  Garland  " 
from  the  Clyde  to  the  Laboratory  at  Bay  of  Nigg.  Females  only  of  the 
Gnathia  were  observed,  and  in  each  case  the  Isopod  was  attached  to  the 
gills,  under  the  gill-covers. 

^ga  etrimii,  Liltken. 

A  specimen  of  this  Isopod  was  presented  to  me  by  one  of  the  men  on 
board  a  beam-trawl  fishing  boat  belonging  to  Grantou.  The  crustacean 
was  found  adhering  to  a  large  cod  captured  in  the  North  Sea  a  consider- 
able distance  south-eastward  of  May  Island. 

JSga  tridens,  Leach. 

A  specimen  of  this  species  was  brought  to  me  by  a  Rothesay  fisherman, 
who  obtained  it  on  a  cod  he  had  captured  on  his  fishing  lines  in  Rothesay 
Bay.  One  was  obtained  on  a  torsk  in  Aberdeen  Fish  Market  on  15th 
September  1899. 

JEga  monopJUhcUma  (Johnston). 

A  fine  specimen  from  a  large  cod  captured  by  one  of  the  Shetland 
fishing  boats  was  handed  to  me  for  examination;  it  undoubtedly 
belonged  to  the  species  named,  as  described  and  figured  in  Prof.  G. 
0.  Sars*  Crustacea  of  Norway,  vol.  ii. 

I  have  had  an  opportunity  of  examining  another  fine  species  of  ^ga, 
viz.,  j^ga  psora.  The  species  in  included  in  the  British  fauna,  but  the 
specimens  I  saw  were  obtained  on  cod  captured  in  Icelandic  waters. 

Cirolana  borealis,  Lilljeborg. 

This  Isopod  is  not  very  rare  in  the  deeper  parts  of  the  Clyde,  as,  for 
example,  to  the  east  of  Arrau,  in  Kilbrennan  Sound,  and  Loch  Fyne,  but 
I  have  never  happened  to  find  it  there  as  a  parasite.  It  has,  however, 
been  found  adhering  to  several  of  the  fishes  brought  to  the  Fish  Market 
at  Aberdeen,  and  on  one  or  two  occasions  it  was  observed  to  be 
moderately  frequent.  I  have  notes  of  its  occurrence  on  the  following 
fishes : — The  grey  skate,  Paia  batis ;  the  saithe,  Gadus  virens ;  the  torsk, 
Broemius  hrosme  ;  and  the  conger,  Conger  vulgaris.  The  Cirolana  were 
observed  on  the  saithe  in  June,  and  on  the  conger  in  October,  and  on  the 
other  two  species  of  fishes  daring  the  intervening  months. 

(3)  Ahphipoda  Pabasita. 

There  are  only  two  Amphipods  to  which  I  wish  to  refer,  vix. : — 
Callisoma  erenata,  Spence  Bate. 

So  far  as  I  have  been  able  to  study  the  habits  of  this  Amphlpod,  it 
seems  to  be  a  species  whose  energies  are  devoted  for  the  most  part  to  the 
removal  of  dead  and  decaying  animal  matter,  rather  than  the  destruction 
of  living  tissue.     It  would  seem,  however,  that  it  does  not  confine  its 
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uperatious  to  decaying  animal  matter,  but  is  ready  to  attack  living 
organisms  should  there  be  a  favourable  opportunity  for  doing  so.  In 
October  last,  when  examining  some  specimens  of  Galeus  canis  in  the  Fish 
Market  at  Aberdeen,  which  had  just  been  landed  from  one  of  the  trawlers, 
a  large  male  was  observed  to  be  infested  with  small  amphipods.  These 
amphipods  belonged  to  the  species  named  above — Gallisoma  crencUa.  It 
was  found,  on  the  closer  examination  of  the  fish,  that  the  amphipods  had 
penetrated  the  skin  at  the  base  of  and  immediately  behind  the  claspers, 
and  were  burrowing  in  crowds  in  the  hole  they  had  formed.  The  skin 
and  flesh  of  the  fish  appeared  to  be  much  injured  by  the  parasites. 
Specimens  of  the  same  kind  of  fish  were  on  one  or  two  subsequent 
occasions  observed  to  be  similarly  infested  with  the  Gallisoma. 

Laphistius  sturionisj  Kroyer. 

This  Amphipod  has  been  observed  adhering  to  the  cod,  and  also  to  the 
back  of  the  angler,  Lophitts  piscatoriuSf  but  only  on  the  surface  of  the 
skin,  and  not,  like  (JaUisoma^  burrowing  in  the  flesh  of  the  fish. 
Laphistius  has  been  obtained  as  a  parasite  in  the  Firth  of  Forth  and 
in  the  Firth  of  Clyde. 

The  following  list  contains  the  names  of  fishes  on  which  the  crustaceans, 
recorded  in  the  preceding  notes,  were  found : — 

List  of  Fishbs  on  which  Copepod-Parasites  have  been  Found. 


Scientific  names. 

Trigla  lineata,  Gmelin. 
Tn'gla  ciicidtis,  Linn. 
Trigla  lucemOj  Linn. 
Trigla  gurnarduSy  Linn. 
Aganns  cataphractus^  Linn. 
ZetLsfdber^  Linn. 
Lophius  piscatoriusj  Linn. 
Gohius  minutus,  Gmelin. 
CaUionymus  inaculatus  (Bonap.). 
Cydoptems  lumpus,  Linn. 
Anarrhiclias  lupus^  Linn. 
Gasterosteus  actdeatus,  Linn. 
Gaaterodeiis  spinacJiia,  Linn. 
Gatlus  calluriuSf  Linn. 
G cuius  ceglejinusj  Linn. 
Gadus  minutus,  Linn. 
Goffus  merlangusj  Linn. 
Gadus  virens,  Linn. 
Gadus  poUarMuSy  Linn. 
Merlv^ius  vulgaris,  Cuv. 
Molua  molva,  Linn. 
Onos  (Motella)  cimhrius,  Linn. 
Brosmius  brosme,  Cuv. 
Hippoglossus  vulgaris  (Flem.). 
Drepanopsetta  platessaides. 
Bothus  {Rhombus)  maximus,  Linn. 
Bothus  rhomhuSy  Linn. 
Fleuronectes  platessa^  Linn. 
Pleuronedes  mierocephalus,  Don. 
Pleuronectes  cynoglossusj  IJnn. 
Pleuronedes  limamla,  Linn. 


Common  names. 

The  Streaked  Gurnard. 

The  Red  Gurnard. 

The  Sapphirine  Gurnard. 

The  Grey  Gurnard. 

The  Pogge. 

The  John  Dory. 

The  Angler. 

The  Spotted  Goby. 

The  Spotted  Dragonet. 

The  Lump-Sucker  or  Cockpaidle 

The  Cat,  or  Wolf-fish. 

The  Three-spined  Stickleback. 

The  Fifteen-spined  Stickleback. 

The  Cod. 

The  Haddock. 

The  Poor  or  Power-cod. 

The  Whiting. 

The  Cod-fish  or  Saithe. 

The  Pollack  or  Lythe. 

The  Hake. 

The  Ling. 

The  Four-bearded  Rockling. 

The  Torsk  or  Tusk. 

The  Halibut. 

The  Long-Rough  Dab. 

The  Turbot. 

The  BriU. 

The  Plaice. 

The  Lemon  Dab.     Lemon  Sole. 

The  Pole  Dab.     Witch  Sole. 

The  Common  Dab. 
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List  of  Fishes  on  which  Parasites  have  been  ¥ov^t>— continued. 
Scientific  names.  Common  names. 

PUuroiiedee  fleeuSy  Linn.  Tffe  Flounder. 

Sol^a  vttlgarts,  Queu.  The  Sole.     Black  Sole. 

ScUmo  scUar,  Linn.  The  Salmon. 

Salmo  trutta  (Flem.).  The  Sea-trout. 

Clupea  sprattus,  Linn.  The  Sprat. 

Clupeafinta,  Linn.  The  Twaite  Shad. 

Conger  vulgaris^  Cuv.  The  Conger. 

Ortlvagoriscus  mala,  Linn.  The  Short  Sun-fish. 

Galeus  canis^  Linn.  The  Tope,  or  Toper. 

Lamna  comubica^  Cuv.  The  Porbeagle  Shark. 

Scyllium  canicvla^  Linn.  The  Lesser-spotted  Dog-fish. 

Raia  hatisy  Linn.  The  Skate.     Grey  or  Blue  Skate. 

Raia  clavata,  Linn.  The  Thorny.     Thornback  Skate. 

Rata  oxyvhgnchusy  Linn.  The  Long-nosed  Skate. 

Ramfullontca,  Liun.  The  Shagreen  Ray,  Fuller's  Ray. 

Rata  ciraulai-is,  Couch.  The  Cuckoo  Ray,  Sandy  Ray. 

The  number  of  fishes  in  this  list  is  forty-seven.  The  majority  of  them 
have  yielded  one  or  two  kinds  of  parasites  only,  while  on  a  few  as  many 
as  four  and  five  different  species  have  been  obtained.  The  grey  skate 
hjis  yielded  the  largest  number  of  parasites  of  any  of  the  fishes  examined, 
six  different  kinds  having  been  found  on  specimens  of  this  species.  They 
comprise  Caligus  cwrtus,  Trehiue  caudatus,  Chondracanthus  anntdatu8t 
Charopinus  dalmannii,  Lemceopoda  sp ,  and  Cirolana  borealis.  The 
saithe  and  the  torsk  come  next  with  five  species  each.  The  hake  and 
the  toper  have  yielded  four,  while  three  each  have  been  obtained  on  the 
common  guncard,  the  halibut,  the  turbot,  the  plaice,  the  conger,  and 
the  sun-fish.  Eleven  fishes  have  yielded  two,  and  twenty-six  only  one 
species  of  parasite  each. 

Concluding  Remarks. 

The  study  of  the  distribution  of  these  organisms  is  still  being  continued, 
and  their  habits  and  development  will  also  form  subjects  of  research  as 
opportunities  occur.  It  is  probable  that  there  is  scarcely  a  fish  within  the 
Scottish  seas,  as  there  doubtless  is  in  other  seas,  which  does  not  at  one 
time  or  other  during  its  life  harbour  one  or  more  crustacean  parasites,  and 
this  itself  furnishes  a  sufficient  reason  for  the  study  of  these  creatures,  and 
in  this  study  more  than  one  interesting  problem  is  still  awaiting  solution. 
For  example,  we  find,  on  the  one  hand,  a  species  such  as  Caligus  curtus^ 
which  seems  to  have  no  limit  to  the  number  of  fishes  from  which  to 
choose  an  associate  for  itself ;  on  the  other  hand,  we  see  a  crustacean, 
such  as  LernceopofJa  hiducalia^  which  appears  to  be  limited  not  only  to 
a  particular  kind  of  fish,  but  also  to  a  particular  part  of  that  fish.  The 
interest  in  the  difference  between  these  two  forms  is  increased  when  it  is 
remembered  that  both  in  their  early  stages  of  life  are  free-swimming,  and 
that  they  live  in  a  medium  which  is  favourable  to  their  dispersal  over  a 
wide  area ;  moreover,  there  are  fishes  of  various  kinds  passing  from  time 
to  time  within  easy  reach  of  both^  during  their  free-swimming  stages. 
How  comes  it,  then,  that  in  the  one  case  the  limit  of  existence  in  the 
adult  is  so  greatly  circumscribed,  whilst  there  is  almost  unlimited  scope 
in  the  other  ? 

There  is,  of  course,  a  possible  explanation  which  might  to  a  certain 
extent  account  for  the  difference  I  have  alluded  to,  and  that  is  that  the 
difference  is  the  product  of  the  hakitat ;  in  other  words,  that  the  animals 
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\?ere  practically  the  same  species,  and  that  the  differences  observed  in 
their  form  and  structure  were  simply  the  result  of  the  difference 
in  the  mode  of  life  they  had  happened  to  adopt.  One  might,  in  support 
of  such  an  explanation,  point  to  the  close  resemblance  to  each  other  of  the 
young  of  the  so-called  different  species — a  resemblance  so  close  that  at 
this  early  stage  it  is  difficult  even  for  an  expert  to  decide  in  some  cases 
which  belongs  to  one  species  and  which  to  the  other. 

It  must  also  be  admitted  that  in  the  adult  forms  of  certain  species 
modifications  are  observed  which  have  a  provoking  tendency  to  bridge 
over  the  space  that  intervenes  between  one  species  and  another,  and 
which  are  exceedingly  troublesome  to  the  systematist. 

Notwithstanding  all  this,  however,  the  explanation  I  have  referred  to 
can  scarcely  be  considered  tenable,  except  to  a  very  small  extent.  There 
are  too  many  difficulties  in  the  way  of  accepting  such  an  explanation ; 
but  it  shows  that  even  in  a  limited  subject  like  that  of  the  parasites  of 
fishes  there  is  still  work  for  the  theorist  as  well  as  for  the  student  who 
simply  deals  with  the  practical  aspect  of  the  study. 
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Caligua  diaphanuSf  Nordm. 


Fig.  20.  Female,  dorsal  view 
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Fig.  23.  Sternal  fork 

Fig.  24.  Posterior  foot- jaw 
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Lepeophfheinis  ptcloralis,  Miill. 


Fig.  26.  Female,  dorsal  view, 

Fig.  27.  Male  „ 

Fig.  28.  Mandible 

Fig.  29.  Sternal  fork 

Fig.  30.  Posterior  foot-jaw 

Fig.  31.  Foot  of  fourth  pair 


Lepeophiheirus  not^lmauni  (M..E<lw). 


Fig.  32.  Female,  dorsal  view 

Fig.  33.  Antenna  . 
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Fig.  37.  Foot  of  fourth  pair 
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LepeopJUfieiriiM  hippoglofifti  (Kr.). 


Fig.  38.  Female,  dorsal  view 

Fig.  39.  Male 

Fig.  40.  Mandible 

Fig.  41.  Foot  of  fourth  pair 

Fig.  42.  Foot  of  fifth  pair 


Ltpeophtheirua  thompsoni^  Baird. 


Fig.  43.  Female,  dorsal  \iew 
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Fig.  45.  Antenna  .  . 
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PLATE  VI. 

LtptophtheiruH  hippoglossi  (Kr.). 


Fig.     1.  Posterior  foot -jaw 
Fig.     2.  Sternal  fork 


X 
X 


26. 
40. 


Ltptophthtirns  strotni,  Baird. 
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Lepeophtheiriis  poUachii,  Basset-Smith. 
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Male,  dorsal  view 
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Trebius  caudcUtis,  Kr. 
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20.  Female,  dorsal  view 

21.  Male 

22.  Antenna  . 
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Dintmatura  producta  (Miill. ). 


27.  Female,  dorsal  view 
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Echthrogaltus  coleoptrattis,  Gu^rin. 
32.  Female,  dorsal  view         .... 
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33.  Female,  dorsal  view 
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Lemargus  muriecUvs,  Kr. 


39.  Female,  dorsal  view 
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HtrmoftOfphtii  amhigmUf  n.  sp. 
Fig.   15.  Femalef  dorsal  view        .  .  .  . 
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Female,  dorsal  view 

Antennule 

Antenna  . 

Mandible 

Anterior  foot-jaw 

Male,  dorsal  view 

Foot  of  first  pair 

Foot  of  second  pair 

Female,  dorsal  view,  var 

Antennule 

Mandible 

Foot  of  second  pair 

Foot  of  first  pair 


Choiuhxicanthus  Jtiiriff  Kr 


Female,  dorsal  view 
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Antennule 

Mandible 


ChondmcaiUhua  8ole<Ff  Kr. 


Fig.  41.  Female,  dorsal  view 

Fig.  42.  Antennule 

Fig.  43.  Mandible 

Fig.  44.  Antennule,  male  . 

Fig.  45.  Foot  of  second  pair 


ChondrcuarUhus  annulcUus,  Olsson. 


Fig.  46.  Female,  dorsal  view 
Fig.  47.  Male 
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Fig.     1.  Female,  dorsal  view       «... 
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ThymnoU  impiidica  (Nordm. ). 


Fig.  2.  Female,  dorsal  view 

Fig.  3.  Mandible 

Fig.  4.  Maxilla    . 

Fig,  5.  Anterior  foot-jaw 


Charopinus  dalmanni  (Retz.). 


Fig.  6.  Female,  dorsal  view 
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Fig.  8.  Antenna  . 
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Brnchitila  rostixUa,  Kr. 


Fig.  38.  Female,  dorsal  view 
Fig.  39.  Mule,  side  view  . 
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AnchoreJfa  mmnata  (Miill.). 


Fig.  43.  Female,  side  view 
Fig.  44.  Male,  side  view    . 
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INTRODUCTION. 

The  following  pages  contain  the  record  of  a  portion  of  the  work  that 
has  been  going  on  for  some  time,  and  was  concerned  with  the  variations 
and  variability  of  the  plaice.  It  was  at  first  proposed  to  collect  and 
examine  material  from  various  places  over  the  whole  area  inhabited  by 
the  plaice  before  publishing  anything,  but  the  work  threatened  to  grow 
beyond  all  control,  and  it  was  thought  advisable,  for  this  as  well  as  for 
other  reasons  of  expediency,  to  work  through  a  small  portion  thoroughly, 
so  that  the  experience  thereby  gained  might  be  of  service  to  myself  and 
others  in  the  further  development  of  the  work. 

The  leading  ideas  contained  in  the  present  paper  may  be  briefly  stated. 
In  the  science  of  the  fisheries  the  great  bugbear  to  the  naturalist,  placing 
almost  insuperable  difficulties  in  the  way  of  framing  definite  conclusions 
with  regard  to  anything  whatsoever,  has  been  the  great  range  of  variations 
which  everything — structure,  size,  rate  of  growth,  spawning  season,  &c. — 
displays.  ^This  difficulty  has  not  been  confined,  as  is  well  known,  to 
fisheries,  but  is  common  to  every  department  of  biology.  The 
presence  of  this  variability  accounts  for  much  of  the  indefiniteness  and 
inconclusiveness  of  the  work  of  the  past.  Within  recent  years,  however, 
the  prolonged  endeavours  of  Galton  and  the  stimulus  given  to  the  subject 
by  the  brilliant  work  of  Bateson  and  Pearson,  have  been  successful  in 
establishing  a  method  of  treating  variations  and  in  founding  thereby  a 
new  school  of  thought.  In  fisheries,  Ileincke  has  been  the  first  to 
introduce  the  new  method,  and  with  it  further  original  developments 
more  particularly  suited  to  the  work  on  fishes.  The  present  paper  dis- 
plays the  working  of  tbis  method  so  far  as  the  material  was  suited  to  it. 
The  various  forms  of  variability  and  the  problems  in  connection  therewith 
are  discussed.  Race-variability  is  shown  to  be  distinct  from  sex  and 
growth  variability  ;  their  close  relationship,  however,  is  made  evident, 
and  the  various  and  diverse  causes  of  race-variations  are  displayed. 
Incidentally  to  the  main  body  of  the  work,  the  material  was  found  suit- 
able to  the  discussion  of  a  hitherto  unsolved  problem,  ar»d  a  method  is 
shown  by  which  this  problem,  the  average  size  at  which  the  plaice 
I  ecomes  ripe  for  the  first  time,  may  be  solved. 

With  the  exception  of  the  herring,  there  is  no  species  concerning  which 
so  much  has  been  written  as  the  plaice.  A  summary  of  this  past  litera- 
ture has  not  been  thought  suited  to  the  present  instalment  of  the  work, 
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and  reference  has  only  been  made  to  the  literature  directly  bearing 
upon  the  subject. 

The  number  of  persons  to  whom  I  have  been  indebted  during  the  pro- 
gress of  this  work  is  large.  To  Dr.  Hoek,  the  talented  director  of  the 
Netherlands  Zoological  Station  at  Helder,  and  his  assistant,  Dr.  Redeke, 
I  am  indebted  for  a  very  pleasant  sojourn  at  Helder,  as  well  as  for  many 
suggestive  criticisms  of  my  work.  Dr.  Mcintosh,  my  own  Professor  at 
St.  Andrews  University,  has  never  failed  me  with  his  kindly  advice  and 
assistance.  Dr.  Fulton,  the  Scientific  Superintendent  of  the  Scottish 
Fishery  Board,  kindly  granted  me  the  use  of  the  Marine  Station  at  Nigg 
for  a  short  period,  and  gave  me  a  portion  of  my  material.  But^  above  all, 
am  I  indebted  to  the  generous  and  friendly  circle  of  Heligoland.  Not 
only  had  I  the  pleasure  of  good  company  and  the  use  of  their  Biological 
Station,  including  a  considerable  amount  of  material,  but  I  had  also  the 
benefit  of  advice  and  counsel  from  Professor  Heincke  and  Dr.  Ehrenbaum 
over  the  initial,  and  perhaps  the  roughest,  stages  of  the  work.  May 
beginners  always  find  such  friendly  and  capable  advisers. 

I  have  also  to  acknowledge  the  generous  gift  of  <£20  from  the 
Worshipful  Company  of  Fishmongers,  London,  which  has  aided  me  greatly 
in  defraying  the  costs  of  material  and  transport. 

Average  Size  at  First-Maturity. 

The  combination  of  words,  **  first-maturity,"  does  not  seem  very 
happy,  but  it  is  difficult  to  find  any  other  short  and  compact  expression 
which  would  explain  the  meaning  intended.  A  fish  is  said  to  be  mature 
once  and  for  all  when  its  reproductive  organs  have  become  ripe.  There 
are  some  difficulties  in  the  way  of  accepting  this  definition  as  perfectly 
general — e.^.,  the  young  of  the  salmon — but  such  is  the  usage  of  the 
term,  and  this  is  the  meaning  employed  here.  ^'  First- maturity  "  is  then 
taken  to  mean,  the  first  time  that  the  reproductive  organs  become  ripe. 

A  few  years  ago,  when  questions  concerning  the  supposed  decrease  of 
fish  in  the  sea  were  more  in  evidence  than  they  are  perhaps  at  present, 
attention  was  drawn  to  the  great  destniction  of  young  immature  fish  that 
was  going  on.  It  was  believed  by  many  that  this  was  one  of  the  chief 
causes  of  the  decrease,  and  it  was  therefore  thought  that  if  cevtain  size- 
limits  were  fixed  to  prevent  the  fish  below  these  limits  from  being  brought 
to  the  market,  then  the  young  fish  would  have  a  better  chance  of  becoming 
mature,  and  thence  of  maintaining  the  species. 

The  present  investigations  were  not  directly  undertaken  with  the  view 
of  deciding  what  this  size-limit  should  be,  and  it  was  only  when  the 
materials  had  been  collected  that  they  were  seen  to  possess  an  importance 
previously  unsuspected  concerning  this  very  question.  The  number 
of  specimens  is  not  so  large  as  those  of  several  naturalists  who  have  pre- 
viously investigated  this  subject,  but  large  enough  to  illustrate  a  method 
of  grouping  the  mature  and  immature  fish  which  displays  better  than  has 
previously  been  done  the  average-size  at  which  the  plaice  spawn  for  the 
first  time. 

Before  entering  upon  the  discussion  proper,  it  is  advisable  to  distin- 
guish between  certain  definite  points — (1)  The  size-limit  below  which  no 
plaice  are  allowed  to  be  sold.  This  size-limit  differs  in  the  various 
countries  where  such  limits  exist,  and  has  been  fixed  by  the  respective 
Governments  solely  from  practical  expediency,  and  not  from  any  con- 
sideration of  its  biological  aspect.  (2)  The  size  at  which  the  plaice  are 
on  the  average  in  the  best  condition  for  the  market — t.e.,  the  best  value- 
size.     This  size  wag  first  suggested  and  defined  by  Petersen*  of  Den- 

*  Petersen,  C.  O.  J.     Report  of  the  Danish  Biol,  Station,  IV.,  1893. 
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mark,  and  from  the  economic  point  of  view  it  is  obviously  of  the  greatest 
importance.  (3)  The  lowest  size  at  which  the  plaice  is  mature.  This 
was  laid  stress  on  by  Fulton*  as  being  the  most  serviceable  limit,  from 
the  practical  point  of  view,  for  legislative  purposes.  (4)  The  average 
size  of  all  the  mature  plaice.  This  was  also  defined  by  Fulton  (Z.c),  and 
is  of  interest,  because  it  shows  by  contrast  with  the  size  at  which  the 
plaice  become  ripe  for  the  first  time  that  the  great  majority  of  mature 
plaice  elude  capture  during  their  first  spawning  season,  and  survive  to 
spawn  several  times.  (5)  Tlic  greatest  size  at  which  the  plaice  is  im- 
mature— i.e.,  the  size  at  which  all  or  nearly  all  have  spawned.  This  was  first 
proposed  by  Holtt  in  the  course  of  his  North  Sea  investigations,  and  was 
founded  on  the  supposition  that  such  a  size- limit  was  necessary,  because 
the  numbers  of  plaice  in  the  North  Sea  were  on  the  decrease.  (6)  The 
average  size  at  which  the  plaice  become  ripe  for  the  first  time — i.e.,  the 
size  at  which  as  many  plaice  are  immature  as  mature,  below  which  more 
are  immature  than  mature,  and  above  which  more  are  mature  than 
immature.  This  size-limit  has  been  spoken  of  by  previous  observers,  but 
no  endeavours  have  ever  been  made  to  fix  it  definitely. 

From  the  biological  point  of  view,  the  last  is  perhaps  the  most 
interesting  and  most  important  of  the  above  size-limits.  It  is  the  size- 
limit  that  seems  the  most  difficult  to  fix,  and  yet  is  in  reality  one  of  the 
easiest.  It  is  the  most  representative  size  when  two  groups  of  the  same 
species  or  two  species  have  to  be  compared.  The  other  size-limits  refer 
to  only  a  portion  of  the  range  of  variations  in  the  sizes  of  mature  plaice, 
whereas  the  average-size  when  first-mature  is  the  centre  point  of  the 
range.  And  again,  if  regulations  are  to  be  framed  upon  such  limits  dis- 
covered by  naturalists,  then  the  average- size  at  which  the  plaice  spawn 
for  the  first  time  is  the  most  serviceable,  from  the  biological  point  of 
view. 

Keferring  now  to  the  earlier  work  on  this  subject,  and  taking  up,  firstly, 
that  done  on  the  east  coast  of  England,  it  is  necessary  to  give  a  brief 
description  of  the  observations  and  conclusions  of  Holt  (/.c).  These 
observations,  as  already  mentioned,  were  carried  on  with  the  object  of 
obtaining  the  upper  size-limit  above  which  all  or  nearly  all  fish  had 
spawned.  Hence,  a  process  of  selection  was  carried  on  of  the  mature  and 
immature,  which  unfortunately  renders  his  tables  of  little  use  for  the 
present  purpose.  Thus,  the  males  were  almost  entirely  disregarded, 
because  it  was  well  known  previously  that  they  spawned  at  a  much 
smaller  size  than  the  females.  Again,  the  females  were  also  selected, 
those  which  were  mature  below  a  certain  length  the  upper  size-limit, 
being  specially  sought  for,  and  likewise  the  immature  above  this  limit, 
which  was  found  to  be  17  inches  (43cm.).  The  smallest  female  that  he 
found  mature  was  13  inches  (33cm.),  and  very  few  mature  specimens, 
comparatively  speaking,  were  found  between  this  size  and  17  inches.  On 
the  other  hand,  ripe  males  were  common  as  low  as  9  inches  (23cm.),  and 
an  exceptional  one  was  ripe  at  6  inches  (15cm.). 

In  comparison  with  the  numbers  and  sizes  to  be  presently  given,  these 
show  a  greater  range  of  variation,  but  as  Holt  included  the  whole  North 
Sea — or  rather  the  North  Sea  north  from  Grimsby— this  greater  range  is 
easily  accounted  for.  The  plaice  of  the  northerly  North  Sea  are  mature 
for  the  first  time  at  a  greater  size  than  those  from  the  English  coast  and 
southerly  portions  of  the  North  Sea,  and  this  difference  would  cause 
a  greater  range  of  variation.  Otherwise  there  does  not  seem  any 
pronounced  difference  between  the  sizes  given  by  Holt  and  those  found 
by  myself. 

•  Fulton,  T,  W.     Eighth  Rep,y  Fish.  Bmrdfor  Scotlaml,  1890. 
tHolt,  E.  W.  L.    Jour,  Mar.  Biol.  A$9.,  Vol.  IL,  1892. 
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This  size-limit  of  17  inches  is,  therefore,  the  upper  limit,  or  nearly  so, 
at  which  immature  plaice — i.e.,  those  which  have  never  spawned — are 
found  in  the  North  Sea.  At  18  inches  Holt  considered  that  the  propor- 
tion of  immature  to  mature  was  "  infinitesimal."  One  specimen  with 
ovaries  unripe  was  obtained  at  a  greater  size  than  18  inches,  but  later  in 
the  season,  and  it  was  probably  a  "  spent,"  not  immature,  fisb. 

The  distinction  between  spent  or  spawned  fish  and  immature  fish  may 
be  referred  to  briefly  before  proceeding  further.  The  immature  fish  are 
those  which  have  never  spawned  and  show  no  signs  of  going  to  spawn. 
If  they  show  signs  of  going  to  spawn  in  the  ensuing  season,  they  may  be 
taken  as  ripe  for  the  purposes  of  this  paper.  The  spent  or  spafmed  fish 
are  those  which  have  spawned  at  some  time  or  other.  Theoretically,  the 
distinction  is  great,  but  in  practice  it  is  at  times  exceedingly  difficult  to 
discriminate  between  the  two.  According  to  Holt,  the  spent  fish  could 
always  be  distinguished  from  the  immature,  either  by  the  presence  of 
some  remaining  ripe  ova,  by  the  shrunken  condition  of  the  ovary,  or 
when  the  ovary  had  contracted  to  its  previous  condition  of  unripeness  by 
the  groove  that  remains  along  the  interspiuous  rays  where  the  developed 
ovary  had  been.  The  two  former  characteristics  always  lead  to  a  certain 
diagnosis  of  the  spent  condition,  but  the  last  has  been  called  in  question 
by  Cunningham,  and  I  have  also  found  it  unreliable.  The  groove  or 
hollow  along  the  interspiuous  rays  is  present  (to  a  certain  extent)  in  the 
young  forms,  which  are  evidently  immature,  and  is,  therefore,  not 
diagnostic  of  the  spawned  condition.  In  short,  so  far  as  I  have  been 
able  to  determine  up  to  the  present,  the  ovary  and  the  parts  in 
connection  with  the  ovary  return  to  exactly  the  same 
condition  in  the  spawned  fish  as  they  were  previously  in  the 
immature.*  It  should  be  mentioned  that  Cunningham  imagined  at 
one  time  that  he  had  discovered  a  sure  sign  of  the  spawned  fish  in  small 
opaque  bodies  which  he  found  intermixed  with  the  undeveloped  ova. 
These  he  thought  were  the  degenerated  remains  of  ova  which  had 
matured  to  a  certain  extent,  but  had  not  been  spawned  with  the  rest,  and 
had  then  atrophied.  He  withdrew  this  distinction  later,  however,  when 
he  found  that  these  opaque  bodies  were  present  in  ovaries  of  small  fish 
which  were  really  immature.  When  the  spawned  fish  is  given  time  to 
return  to  its  condition  previous  to  spawning,  there  are,  therefore,  so  far 
as  known,  no  means  of  distinguishing  the  spent  from  the  immature  fish. 

During  the  spawning  season — from  December  to  May  for  the  whole 
North  Sea — the  difficulty  of  distinguishing  between  the  spent  and 
immature  conditions  is  not  great  except  at  the  very  beginning  and  the 
end  of  the  season.  Doubtful  cases  certainly  occurred  in  the  course  of 
my  own  investigations  between  these  times  in  the  case  of  large  fish  with 
unripe  reproductive  organs  ;  but  their  number  was  comparatively  small, 
and  I  have  thought  it  better  to  consider  them  immature.  At  the 
beginning  of  the  season  and  earlier— during  October,  November,  and  the 
first  half  of  December — the  difficulty  was  to  tell  whether  a  fish  with 
reproductive  organs  a  little  larger  than  the  normal  unrii)e  condition  was 
really  going  to  spawn  that  season  or  not.  In  consequence  of  this  diffi- 
culty I  have  been  obliged  to  form  a  third  class,  and  consider  a  number  of 
fish  as  "doubtfuls.'^  These  will  be  referred  to  later.  At  present  it  may 
be  said  that  the  difficulty  of  distinguishing  between  a  spent  and  immature 
fish,  and  of  telling  whether  a  fish  is  going  to  spawn  in  the  ensuing  ^^eason 
or  not,  is  greater  for  the  males  than  for  the  females. 

Cunninghamt  was  the  next  naturalist  who  took  up  this  matter  in 
England.     He  found  that  for  the  plaice  of  the  Engli:*h  Channel   15in. 

*  Petersen  and  Fulton  {I.e.)  were  of  the  same  opinion, 
t  Jour.  Mar.  Biol.  Ass.^  Vol.  III.,  1893,  p.  70. 
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(381mm.)  was  the  size  at  which  all  or  nearly  all  were  mature.  This 
size  was  contrasted  with  thai  giveu  by  Holt  (17in.),  and  was  considered 
as  indicating  a  racial  difference  in  the  plaice  of  the  North  Sea  and  of  the 
English  Channel.  The  borderland  between  the  altogether  immature  and 
the  altogether  mature  was  found  to  be  from  9-I2in.  (229-305mm.}  for  the 
males  anil  from  9-14jin.  (2 29-3 6 8 mm.)  for  the  females.  The  averagea 
for  these  borderlands  were  considered  to  be  about  lOiu.  (254mm.)  for 
the  males  and  12-13in.  (305-330mm.)  for  the  females. 

At  a  later  date  the  same  naturaliBt  continued  the  work  of  Holt  on  the 
eaat  coast  of  England,  but  while  Holt  had  studied  for  the  must  part  the 
forms  from  the  North  Sea  north  of  Grimsby,  Cunuingham  inveBtigat«d 
those  from  the  southerly  portions  of  the  North  Sea  niostlj,  and  more 
especially  those  from  aronnd  Lowestoft.  There  is  cousequently  a  consider- 
able difference  in  theii  results,  the  sizes  given  by  the  latter  being  much 
smaller  than  those  given  by  Holt.  Fortunately,  the  data  recorded  by 
Cunningham  are  aufficioutly  numerous  and  representative  to  be  restated 
according  to  the  method  here  proposed. 

The  following  Table  represents  the  totals  of  five  diSereut  lots  of  plaice* 
collected  from  the  same  region — the  southerly  portion  of  the  North  Sea, 
and  about  the  same  time — from  October  to  December.  The  specimens 
obtained  by  Cunningham  from  Geestemnnde  are  omitted,  as  they  came 
from  another  part  of  the  North  Sea,  and  do  not  seem  representative. 

Table  I. 
Proportion*  of  McUure  to  Immaiurv  Plaice  at  Different  Sitet. 


The  proportions  of  immature  and  mature  at  each  siie  are  arranged  in 
percentages,  because  by  so  doing  the  inequalities  in  the  numbers  of  speci- 
mens at  the  different  size.'^  are  done  away  with.  A  comparison  can  then 
be  drawn  between  the  number  of  mature  specimens  at  the  different  sizes, 
and  similarly  for  the  immature.  Tu  calculating  the  percentages  the 
nearest  whole  numbers  are  always  taken. 

•"  North  Sen  InroatigStiunB  :  "  Jo«r.  J/n/.  Biol.  -Iw,,  Vol.  IV.,  1896,  p.  106 it  ttq- 
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The  advantage  of  this  method  Ilea  in  the  clear  and  simple  manner  by 
which  it  shows  the  proportions  of  the  mature  to  immature  at  the  different 
sizes.  Theoretically,  if  there  is  a  true  average  at  first  maturity  in  nature 
— above  which  more  are  mature  than  immature,  below  which  more 
immature  than  mature — this  can  only  be  where  50  per  cent,  of  the  one 
coincide  with  50  per  cent,  of  the  other.  Hence,  if  these  percentages  be 
plotted  out  as  two  curves,  the  point  where  the  curve  of  immaturity  crosses 
that  of  maturity  is  the  point  required  at  which  the  plaice  are  ripe  on  the 
average  for  the  first  time.  In  practice,  however,  this  point  is  difficult  to 
obtain.  In  theory,  trustworthy  curves  and  averages  could  only  be  obtained 
if  a  very  large  number  of  specimens  at  each  size  was  examined,  and  it  is 
further  necessary  that  these  should  not  be  specially  selected.  Again,  the 
specimens  should  be  taken  froDi  the  same  region  and  at  the  same  time- 
viz.,  the  spawning  season.  If  these  conditions  are  not  fulfilled  then  certain 
irregularities  may  appear  in  the  curves,  and  it  will  be  difficult  to  frame  any 
conclusion.  Such  irregularities,  however,  do  not  destroy  the  efficacy  of 
these  curves ;  on  the  contrary,  by  means  of  the  curves  not  only  are  the 
irregularities  shown,  but  their  causes  and  thence  their  explanation  as  well. 

In  the  data  given  by  Cunningham,  for  example,  the  percentages  of  the 
immature  start  from  100  and  descend  to  almost  nothing,  whilst  those  of  the 
mature  start  from  0  and  mount  up  to  100.  (Vide  Plate  IX.).  This  is  the 
general  trend  of  the  curves,  but  it  will  be  remarked  that  both  for  the  males 
and  females  a  fluctuation  occurs  so  that  the  course  of  the  curves  is  not  quite 
uniform.  This  is  partly  due  to  the  smaller  number  of  specimens  that  have 
been  examined  at  certain  sizes  than  at  others.  Where  the  specimens  are 
fairly  numerous,  as  between  10-1 2in.  for  the  males  and  10-1  Sin.  for  the 
females,  the  trend  of  both  curves  in  each  case  is  uniform.  After  these 
sizes  the  numbers  decrease  and  irregularities  appear.  In  such  cases  it  is 
evident  that  the  general  trend  of  the  curves  has  to  be  taken  into  considera- 
tion, otherwise  no  conclusions  could  be  drawn.  A  further  discussion  of 
Cunningham's  data  and  the  curves  that  result  therefrom  will  be  entered 
into  later,  when  the  comparison  is  made  between  them  and  my  own.  It 
may  be  said  at  present,  however,  that,  so  far  as  numbers  are  concerned, 
Cunningham's  data  are  better  than  mine,  but  the  relative  numbers  at  the 
different  sizes  are  not  so  well  proportioned. 

In  the  following  Tables  the  specimens  from  Heligoland,  Helder, 
Lowestoft,  and  Grimsby  are  included  together.  The  relatively  small 
numbers  from  each  place  necessitated  this ;  but  the  fact  that  the  characters 
so  far  examined  for  the  purpose  of  detecting  races  are  almost  identical  in 
all  four  groups,  as  well  as  that  the  spawning  season  seems  to  be  the  same 
in  all,  makes  this  course  a  reasonable  one.  The  inclusion  of  these  four 
groups,  on  the  other  hand,  will  give  a  common  average  for  the  plaice  of 
the  southerly  portion  of  the  North  Sea — south  of  the  Dogger  Bank — and 
this  is  an  advantage  if  any  common  size-limit  is  wanted  for  legislative 
purposes. 

These  specimens  are  therefore  considered  as  coming  from  one  and  the 
same  biological  region — Le,^  one  in  which  the  surrounding  conditions  are 
for  the  time  being  thought  to  be  the  same.  Ou  the  other  hand,  the 
specimens  from  Aberdeen  are  separated  from  these  because  the  characters 
differ,  as  will  be  shown  later. 

Something  further  may  be  said  concerning  the  method.  The  range  of 
variation  within  which  the  specimens  fall  lies  between  240mm.  and 
380mm.  (9*5  to  15in.),  and  it  is  divided  into  seven  portions  of  20mm. 
each.  The  specimens  whose  lengths  fall  within  each  division  are 
considered  to  be  half-way  between  the  limits — i.e.,  at  250,  270,  and  so  on. 
By  this  method  a  more  exact  result  is  obtained  than  when  the  different 
lots  are  taken  to  the  nearest  inch.     When  the  percentages  of  immature 
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and  mature  in  each  division  have  been  calculated,  it  will  be  noticed  that 
whilst  the  proportions  between  the  different  divisions  are  made  more 
equable,  yet  those  within  each  division  are  magnified,  because  in  each  case 
a  multiplier  has  to  be  used  to  bring  each  lot  to  a  percentage.  Hence,  if 
there  is  any  great  disproportion  between  the  numbers  of  the  different 
divisions  this  disproportion  will  be  displayed  by  the  multiplier 
msed.  For  example,  if  there  are  50  in  one  division  and  only  5  in  another, 
these  two  divisions  will  be  brought  to  the  same  level  in  the  percentages, 
and  yet  the  value  of  the  latter  group  is  only  -^  of  the  former.  In  the 
case  of  the  specimens  from  the  southerly  portion  of  the  North  Sea  this 
disproportion  is  not  great  because  the  multipliers  are  small ;  in  the  case  of 
the  Aberdeen  specimens  it  is  much  larger.  Theoretically,  this  error  would 
be  done  away  with  if  a  hundred  specimens  in  each  division  were  examined, 
and  under  such  ideal  conditions  the  only  errors  that  could  enter  into  the 
calculation  would  be  errors  of  observation. 


Tablb  II. 

Shofrtng  the  Relative  Proportions  of  the  Immature  and  Mature  Plaire  at 
Different  Sizes,  from  thp.  Southerly  Portion  of  the  North  Sea. 

1.  Males. 


Region. 

Condition 

of  Ropro- 

d  active 

Orfcans. 

Size  in  Millimetres. 

240-260 

260-280 

280-300 

300-320 

320-340 

'  340-360 

1 

1 

360-380 

Ileldor 

Immature 
Mature 

4 

4 

6 

7 

6 
10 

3 
4 

0 
1 

0 
3 

0 
5 

Lowestoft 

1 

Immature 
Mature 

0 
2 

3 
5 

6 
16 

5 
10 

0 
14 

1 
16 

0 
10 

Grimsby 

Immature 
Mature 

3 
0 

1 
2 

2 
0 

2 
5 

0 
9 

1 
13 

0 
10 

1 

,    Total 

'         (188) 

Immature 
Mature 

7 
6 

10 
14 

14 
26 

35 
65 

10 

19 

0 
24 

2 
31 

0 
25 

J 

Do.  inper- 
cerUage 

Immature 
Mature 

54 

46 

1 

42 
58 

35 
65 

0 
100 

6 
94 

0 
100 
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2.  Females. 


Region. 

I 
Condition 
of  Repro-    1 

ductive 

Organ-s. 

Size  in  Millimetres. 

240-260  ' 

1 

260-280  ' 

7      ' 
0 

280-300 

300-320 

820-340 

340-360 

360-380 

Heligo- 
land 

Immature 
Mature 

16 
I 

2 
0 

6 
4 

10 
19 

2 

13 

0 
10 

Helder 

Immature 

14 

21 

17 

10 

0 

0 

0 

Mature 

1 

0 

3 

4 

1 

3 

2 

1 

Lowestoft   Immature 

1 

1 

8 

16 

14 

5 

1 

0 

Mature 

0 

0 

2 

3 

4 

4 

2 

Grimfiby 

Immature 

1 

1 

4 

5 

5 

3 

1 

Mature 

0 

0 

0 

3 

6 

6 

8 

Total 

Immature 

3^ 

37 

39 

35 

20 

6 

1 

(269) 

Mature 

2 

0 

5 

14 

80 

26 

22 

Do.  inper- 
centage 

Immature 
Mature 

94 
6 

100 
0 

89 
11 

71 
29 

40 
60 

19 
81 

4 

96 

From  the  first  Table,  which  gives  the  proportions  of  the  immatare  and 
mature  male  specimens,  those  from  Heligoland  are  omitted,  because  there 
were  very  few  specimens,  and  some  doubtfully  mature  amongst  them.  It 
will  be  seen  from  the  percentage  columns  that  the  relative  numbers  in  the 
different  divisions  are  more  evenly  distributed  than  they  were  in  the  case 
of  the  data  given  by  Cunningham,  and  the  resulting  curves  are 
therefore  more  uniform. 

A  certain  allowance  should  be  made  for  growth,  because  the  specimens 
were  not  all  collected  at  the  same  time.  Those  from  Heligoland  were 
obtained  mostly  during  October,  those  from  Helder  towards  the  end  of 
November,  and  those  from  Ijowestoft  and  Grimsby  during  the  spawning 
season  in  January,  February,  and  March.  No  correction  is  required  for 
the  last,  but  those  from  Helder  are  at  least  two  months  from  the  height 
of  the  spawning  season,  and  those  from  Heligoland  four  months.  'The 
average  rate  of  growth  yearly  has  been  calculated  for  the  earlier  periods 
by  Cunningham,*  Petersen,!  Masterman,J  and  more  recently  by 
T5annevig,§  and  although  there  are  considerable  diflferences  in  their  results, 
yet  it  is  allowable  to  conclude  that  for  the  stage  in  question  the  plaice 
grow  from  2-3in.   (50-76mm.)  in  a  year.     The  correction  to  be  made 

•Cunningham,  J.  C.     Jour.  Mar.  Biol.  Ass.,  Vol.  11.,  1891-92. 
t  Petersen,  C.  G.  J.     Fourth  Rep.  of  the  Danish  Biol.  StaUoUy  1893. 
:J:  Masterman,  A.  T.     Thirteenth  Rep,,  Scot,  Fish.  Board,  1896. 
§  Dannevig,  H.     {^ecerUfenth  Rrp.,  Scot.  Fish.  Boards  pp.  232-246. 
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for  the  specimcDs  from  Heligoland  is,  therefore,  about  20mm.,  and  for 
those  from  Helder  10mm.  A  slight  advantage  is  given  to  the  immature, 
as  they  probably  grow  faster  than  the  mature  at  this  period. 

The  values  are  plotted  out  in  the  curves  shown  on  Plate  IX. — the  light 
lines  representing  the  observed  percentages,  the  dark  lines  the  corrected 
numbers.  The  firft  two  curves  (A)  have  been  sketched  from  the  data  in 
Table  I.  given  by  Cunningham,  and  in  these  the  abscisaal  axis  is  marked 
out  in  inches.  In  the  following  curves  this  axis  is  marked  in  centi- 
metres. In  all  cases  the  ordinate  axis  represents  the  percentage  values  as 
given  in  Tables  I.  and  II.  An  inspection  of  the  first  set  of  curves — those 
formed  from  the  data  given  by  Cunningham — shows  that  both  for  the 
males  and  the  females  the  courses  of  the  curves  are  irregular.  The  points 
which  mark  the  percentages  do  not  lie  on  one  straight  continuous  curve, 
but  on  one  which  rises  and  falls  irregularly,  and  the  irregularity  is  more 
marked  in  the  case  of  the  males.  The  reasons  for  this  irregularity  may 
lie  in  the  insufficient  number  of  specimens  at  certain  sizes  or  in  their 
non-representative  nature.  The  irregularity  is  restricted,  however,  to 
certain  definite  points,  and  the  general  trend  of  the  curves  seems  suffici- 
ently evident  to  permit  free-hand  outlines  of  the  probably  correct  courses 
of  the  curves  over  the  points  of  irregularity.  This  outline  is  represented 
by  the  dotted  lines. 

It  will  be  remarked  that  in  all  the  pairs  of  curves,  the  curve  of  the 
mature  specimens  begins  between  8  and  lOin.  (20*3  and  25 •4cm.)  at  or 
near  ^^/oo»  and  mounts  up  gradually  until  between  14  and  17in.  (35*0- 
43'2cm.)  it  approaches  100  ^/oq.  The  curve  of  the  immature  specimens, 
on  the  other  hand,  follows  the  reverse  course,  beginning  about  100  ®/oo 
and  ending  at  0  ^Iq^,  The  two  curves  cross  on  the  50  ®/oo  l"ie,  a^^ 
the  point  of  crossing  is  taken  to  represent  the  average  of  the  combined 
curves.  The  abscissa  of  this  point  is  then  considered  to  represent  the 
average  size  at  which  plaice  are  ripe  for  the  first  time.  In  the  case  of 
the  curves  formed  from  the  data  given  by  Cunningham,  this  length  is 
13-7in.  (34-8cm.)  for  the  females  and  lO'Siu.  (26*6cm.)  for  the  males. 
If  a  slight  correction,  similar  to  that  already  described,  bo  made  for 
growth,  these  averages  become  14in  (35'6cm.)  for  the  females  and 
lO-Sin.  (27-4cm.)for  the  males.  In  the  case  of  the  curves  formed  from 
my  own  observations,  the  corrected  averages  are  33 •2cm.  {13*1  in.)  for 
the  females  and  26'6cm.  (10'5in.)  for  the  males. 

It  appears,  therefore,  that  ihe  average  size  at  first-maturity  for  the  plaice 
of  the  southerly  North  Sea  lies  between  13  and  14in.  for  the  females  and 
10-11  in.  for  the  males.  The  close  agreement  between  the  two  sets  of 
observations  is  somewhat  remarkable  when  the  comparatively  small 
number  of  specimens  is  considered,  and  shows  that  these  averages  must 
be  close  approximations  to  the  real  averages  in  nature.  It  has  to  be 
remarked  also  that  the  males  are  mature  at  a  size  3  inches  smaller  on  an 
average  than  the  females.  This  difference  may  correspond  to  a  year's 
growth — i.e.,  the  males  may  be  mature  a  year  earlier  than  the  females. 

If  attention  is  again  directed  to  the  second  set  of  curves  (B),  it  will  be 
noticed  that  the  curves  are  open  at  both  ends.  This  permits  of  the 
possibility  that  mature  specimens  may  be  found  below  the  lowest  limits 
recorded,  and  immature  specimens  above  the  highest  limits.  In  accord- 
ance with  this  possibility,  Cunningham  has  found  mature  female 
specimens  at  9in.  (22^9cm.)  and  mature  males  at  6in.  (15-2cm.)  There 
is,  therefore,  again  a  difference  of  3in.  between  the  earliest  mature  male 
ami  female,  and  this  may  correspond,  as  above  stated,  to  a  year's  differ- 
ence in  age.  The  general  slope  of  the  curves  for  the  female  specimens 
probably  represents  better  than  any  of  the  others  what  actually  occurs. 
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A  few  "precocious"  specimens  become  mature  at  a  small  size,  from  9  to 
llin.  (22'9  to  27'7cm.);  then  the  number  of  the  mature  increases 
rapidly,  showing  that  the  great  majority  become  mature  between  1 1  and 
15in.  (27*9  and  38'lcm.).  This  means  that  they  become  mature  at  the 
same  average-age,  which,  if  Dannevig's  calculation  be  taken,  is  probably 
at  five  years  old.  According  to  Petersen's  and  Masterman's  calculations, 
this  average-age  may  be  four  years.  The  males  become  mature  a  year 
younger. 

If  the  curves  between  12  and  15in.  (30-38cm.)  be  again  considered, 
it  will  be  noticed  that  they  approximate,  in  the  case  of  the  females,  very 
closely  to  two  straight  lines.  This  agrees  with  the  notion  that  we  have 
a  single  year's  group  between  these  sizes.  The  variation  in  the  size  of 
these  mature  specimens  probably  arises  from  the  initial  difference  in  age, 
to  be  referred  to  later  in  the  section  on  **  Variability,"  and  this  being  so, 
the  relative  proportions  of  the  mature  and  immature  specimens  should 
alter  so  rapidly  and  uniformly  as  to  be  represented  besi  by  two  straight 
lines. 

At  the  upper  limits,  on  the  other  hand,  we  have  to  consider  the 
presence  of  large  immature  specimens.  From  my  own  observations,  the 
largest  immature  was  15in.  (38cm.)  for  the  females  and  I4in.  (35*5 
cm.)  for  the  males  ;  but  the  general  trend  of  the  curves  admits  the  possi- 
bility of  finding  immature  specimens  at  a  larger  size  than  this.  And 
Cunningham's  data  shows  that  these  may  occur  up  to  17in.  for  the 
females  and  15in.  for  the  males.  As  with  the  earliest  mature  specimens, 
these  are  scattered  examples,  though  probably  of  constant  occurrence. 
If  we  suppose  that  they  become  mature  in  the  following  year,  then  we 
are  perhaps  justified  in  declaring  that  all  the  females  are  mature  in  their 
sixth  year,  and  all  males  in  their  fifth  at  the  latest.  The  exact  upper 
limit  in  size  is  hard  to  fix,  but  may  be  taken  as  about  17in.  for  the 
females  and  15in.  for  the  males.  The  ranges  of  variation  would, 
therefore,  appear  to  be  from  9  to  17in.  for  the  females  and  6  to  15in. 
for  the  males,  and  three  years  would  be  the  range  in  time.  Such,  seem 
to  be  the  facts,  although  the  reasons  for  these  great  ranges  of  variation  are 
not  yet  evident. 

We  may  turn  now  to  the  specimens  from  the  northerly  portion  of  the 
North  Sea,  which  include  those  from  Aberdeen  and  from  St.  Andrews. 
In  Table  III.  they  are  arranged  according  to  size,  in  the  same  manner  as 
those  of  the  southerly  North  Sea  in  Table  II.  The  numbers  of  specimens 
are  not  so  great  as  were  those  of  the  latter  region,  and  more  especially  is 
this  the  case  with  the  females.  Consequently,  when  the  numbers  are 
divided  into  eight  divisions,  there  are  very  few  in  certain  of  the 
divisions — from  320  to  420  mm. — and  the  value  of  the  observed  propor- 
tions of  the  immature  and  mature  is  therefore  seriously  affected.  The 
multipliers  that  require  to  be  employed  in  order  to  obtain  the  percentages 
lie  between  3  and  8  in  the  case  of  the  males,  but  between  3  and  20  for  the 
females.  No  definite  conclusions  can  be  drawn  in  the  latter  case,  and 
only  the  one  set  of  curves,  representing  the  male  specimens,  has  been 
drawn.     (Plate  X.) 
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Table  111. 

Sliowing  the  Relative  Projyortions  o/tJie  Immature  and  Mature  Plaice  at 
Different  Sizes,  from  the  Northf^rly  Portion  of  the  North  Sea, 


Sex. 


Males 


Condition  of 
Reproduc- 
tive Organs. 


Immature 
Mature 


260-280 


12 

9 


Do.  in  per- 
centage 


Immature 
Mature 


Females 


Immature 
Mature 


Do.  in  per- 
centage 


Immature 
Mature 


80 
14 


0 
0 


100 
0 


s 

300-320 

ize  in  Millimetres. 

!280-300 

820-340 

34(>360 

360-380 

380-400 

400-420 

2r> 

1 

23              7 

1 

1               0 

0 

1 

r> 

15 

22 

12 

19 

0 

— 

1 

83 

! 
(U       j       24               8 

0 

0 

_ 

17 

:» 

70            02 

1 

100 

100 

— 

21 

24               7 

1 

0 

2 

0 

0 

3              3 

1 

1 

4 

12 

.*» 

7 

1 

1     100 

1 

bO          70 

20               0 

29 

0 

0 

1 

11           30 

80           101) 

71 

100 

From  these  curves  it  is  seen  that  the  point  of  crossing  lies  very  close  to 
320cm.  (about  12*5in.).  The  lower  limit  of  the  mature  specimens 
begins  lower  than  26'Ocm.  (lOin.  approximately),  whilst  the  upper  limit 
of  the  immature  is  about  37cm.  (14*5in.).  The  range  of  variation  does 
not  seem  to  be  so  great  therefore  for  the  northerly  specimens  as  for  the 
southerly,  but  tliis  may  arise  from  the  smaller  number  of  specimens 
examined.  If  the  distance  between  the  average  sizes  of  the  males  and 
females  at  maturity  which  was  observed  in  the  specimens  from  the 
southerly  North  Sea — viz.,  7*0cm.  (about  3in.) — be  utilised  fcr  those  from 
the  northerly  North  Sea,  then  the  average  size,  when  the  female  plaice  of 
the  latter  region  become  ripe  for  the  first  time,  is  about  39*6cm.  or 
15'5in. 

The  average  size  at  first-maturity  for  the  male  plaice  of  the  southerly 
North  Sea  was  found  to  be  about  26-Ocm.,  a  difference  of  6cm.,  or  more 
than  2in.,  from  that  of  the  northerly  North  Sea.  Whether  this  difference 
means  that  the  plaice  of  the  latter  region  become  mature  at  a  later  age — 
i,e,f  a  year  later,  than  those  of  the  former  it  is  impossible  at  present  to 
say.  It  may  be  that  they  grow  much  faster  and  spawn  at  the  same 
average  age ;  but  this  question  can  only  be  satisfactorily  determined  when 
the  ages  at  different  sizes  can  be  ascertained. 

Ou  the  east  coast  of  Scotland,  Fulton*  has  investigated  the  sizes  at 
which  the  plaice  becomes  mature,  the  relative  proportions  of  males  to 
females,  and  their  average  as  well  as  maximum  sizes.  The  average  size 
at  first-maturity  was  not  specially  sought  for,  and  it  is  consequently 
impossible  to  compare  his  results  and  my  own  with  any  definiteness. 
The  limit  between  immaturity  and  maturity — i.e.,  the  commencement  of 
maturity— is  placed  about  12-1  Sin.  This  agrees  exactly  with  what  has 
been  recorded  here  for  the  females,  but  it  has  been  shown  that  the  males 
may  be  mature  at  11  in.  and  even  lower. 

A  comparison  may  be  drawn  between  the  average  sizes  at  maturity  of 
the  North  Sea  plaice  and  those  of  the  Kattegat  and  Baltic.    Petersen  states 

•  Fulton,  T.  \V. :  Kitjhfh  Rep.,  Scot.  F!»h.  Jlwrd.  pp.  161, 1«2  ;  T^nth  Rep.,  &of.  Fi^h, 
Iif)9nl,  pp.  239  et  s^q.  ;  Ttrflfth  Rep.,  Scot.  Fixh.  Bwird,  p.  307. 
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that  these  average  sizes  arc  lOin.  in  the  Baltic,  11  in.  in  the  Lesser  Belt, 
and  12-13in.  in  the  Kattegat.  These  refer  to  both  males  and  females 
although  the  males  are  said  to  be  somewhat  smaller.  These  sizes  (p.  3) 
are  said  to  represent  the  average  size  of  the  mature  fish,  but  there  seems 
to  be  some  discrepancy  between  the  stated  sizes,  and  what  one  may  gather 
from  the  Tables.  In  the  Kattegat,  for  example,  Table  I.*  shows  that 
immature  specimens  were  obtained  at  15  to  16iu.,  and  even  as  high  as 
19in.  (These  are  in  Danish  inches — in  Euglish  inches  the  sizes  would 
be  a  little  less  than  half  an  inch  larger.)  It  seems  strange,  therefore,  that 
the  average-size  of  the  mature  specimens  of  the  Kattegat  should  be  so  low 
as  12-  13in.  From  the  Tables,  indeed,  one  would  infer  that  the  average 
size  at  inaturity  was  even  greater  than  12-13in.  The  data,  un- 
fortunately, do  not  lend  themselves  to  the  present  mode  of  treating  the 
subject,  and  I  am  therefore  compelled  to  leave  the  matter  in  an  indefinite 
state.  From  the  resemblance  that  the  plaice  of  the  Kattegat  have  to  the 
North  Sea  plaice,  and  from  their  actual  geographical  continuity  with 
them — i.e.,  with  those  of  the  Danish  coasts  of  the  North  Sea — it  seems  more 
probable  that  12-13in.  is  about  the  average  size  when  they  become  ripe 
for  the  first  time.  The  average  for  the  females  is  |)erhaps  higher  than 
this,  that  for  the  males  lower. 

In  conclusion,  a  brief  reference  may  be  made  to  the  usefulness  of  the 
average-size  when  plaice  become  mature.  Quite  apart  from  the  legislative 
and  practical  aspects  of  obtaining  by  its  means  a  reasonable  size-limit  for 
the  protection  of  the  young  immature  fish,  there  is  another  aspect  of  far 
greater  importance. 

The  average  sizes  at  maturity  and  first-maturity  might  be  put  to  effective 
use  in  order  to  tell  whether  the  fish  on  any  area  are  really  decreasing. 
So  far  as  known  there  are  two  effects  of  over-fishing — the  larger  fish  grow 
scaKce,  and  the  average  size  of  the  mature  fish  consequently  decreases. 
Whether  the  average  size  at  first-maturity  also  decreases  is  not  yet 
definitely  known,  but  it  may  not  do  so.  The  averages  found  from 
Cunningham's  data  differed  very  little  from  those  of  my  own,  although 
several  years  intervened.  In  the  Kattegat,  again,  the  fishing  is  so  severe 
that  large  specimens  have  entirely  disappeared,  and  it  is  even  doubtful 
whether  any  plaice  survive  to  spawn  twice.  Yet  the  average  size  at  first- 
maturity,  on  this  supposition,  is  not  much  less  than  that  for  the  North 
Sea  specimens.  The  average  size  at  first-maturity  probably  depends  upon 
the  surrounding  conditions  and  not  upon  any  change  in  the  total  number 
of  fish.  If  it  does  vary,  however,  decreasing  with  the  decreasing  number 
of  fish,  its  variations  may  be  calculated  in  different  years. 

The  greatest  and  most  certain  sign  of  a  decrease  in  the  number  of  fish 
on  an  area,  apart  from  direct  statistics,  is  to  be  found  in  the  decrease  of 
the  average  size  at  maturity.  This  represents  the  average  size  to  which 
the  plaice  attain  after  they  are  mature,  and  if  this  size  be  compared  with 
the  average  size  at  first-maturity  we  should  know  what  proportion  of  plaice 
elude  capture  and  spawn  several  times.  By  investigating  these  two 
averages  in  different  years  we  should  be  able  to  tell  whether  the  mature 
fish  are  decreasing  or  not.  For  example,  it  has  been  shown  here  that  the 
average  size  at  first-maturity  for  the  female  plaice  of  the  northerly  North 
Sea  is  about  15*5  in.,  and  Fulton  has  shown  that  the  average  size  of  the 
mature  specimens  of  the  same  region  was  about  20  in.  some  years  ago. 
If  this  latter  average  still  holds  good,  it  is  evident  that  more  than  half  of 
the  mature  plaice  in  this  region  must  escape  capture  and  spawn  several 
times,  in  spite  of  the  refined  methods  of  fishing  now  practised. 

The  method  of  finding  out  whether  the  number  of  fish  on  an  area  is 

*  Rep,  Dan.  Biol  Statwn,  1893.  • 
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really  decreasing  or  not  is  therefore  simple.  It  is  necessary  to  calculate 
the  average -size  at  first-maturity  and  that  of  the  total  mature,  care  being 
taken  that  the  specimens  are  not  specially  selected  and  are  yet  representa- 
tive for  the  area  in  question.  The  changes  in  the  averages,  and  the 
changes  in  the  relative  distance  between  them,  will  show  the  change  in  the 
number  of  mature  specimens,  and  thence  in  the  total  number  of  fish  on 
that  area.  The  investigations  should  be  repeated  for  several  years  in 
succession  in  order  to  avoid  tho  possible  yearly  fluctuation,  and  again 
some  years  later. 

Variability  and  iiik  Method  of  Tkeatincj  Yariationh. 

This  complex  subject  has  been  dealt  with  recently  by  so  many  different 
writers  and  in  so  many  different  ways  that  it  is  impossible  to  give  a  com- 
plete digest  of  all  the  views  concerning  the  method  and  its  usefulness 
within  the  reasonable  compass  demanded  by  this  paper.  The  mathe- 
matical aspect  of  the  study  has  now  assumed  a  definite  form,  with  regard 
to  its  more  elementary  portions  at  any  rate,  and  the  introtluction  of 
shorter  modes  of  working  by  Pearson  and  Duncker  has  greatly  reduced 
the  old  labour  and  drudgery.  This  aspect  of  the  method  is  described  by 
Davenport,*  and  more  fully  by  Duncker. t 

So  far  as  the  biological  aspect  of  tho  method  is  concerned,  the  study  of 
variations  is  passing  through  a  transitional  period.  For  this  aspect 
one  must  turn  to  (xaltoUjt  Weldon,§  and  HeinckeJ' 

In  the  following  pages  the  endeavour  will  be  made  to  maintain  the 
biological  aspect  constantly  in  the  foreground,  and  to  display  the 
mathematical  method  as  merely  an  instrument  and  aid,  though  a  power- 
ful one.  The  higher  developments  of  the  method,  the  determination  of 
curves,  and  the  correlation  of  different  structures,  are  not  shown  here 
because  the  material  is  not  very  well  suited  for  them.  Attention  is 
therefore  directed  to  the  simpler  and  more  elementary  portions,  which  in 
the  present  condition  of  the  study  are  by  far  the  most  important. 

The  necessary  foundations  for  the  study  are  of  course  the  facts  of 
variation  and  the  characters  that  vary.  Here,  at  the  very  beginning  of 
the  study,  we  find  that  its  use  with  regard  to  fishery  research  has  diverged 
widely  from  that  in  other  departuients.  In  the  latter  one  or  two 
characters  only  have  been  taken,  such  as  the  number  of  fin-rays,  of  glands, 
the  height  or  breadth  of  various  parts,  and  so  on  ;  their  manner  of  varying 
has  been  displayed,  and  sometimes  the  correlation  of  one  part  with  another. 
There  are  certain  noteworthy  exceptions,  such  as  the  works  of  Weldon  on 
the  Crustacea  and  of  Bumpus  on  the  Sparrow,  and  it  is  more  than  probable, 
now  that  the  newness  of  the  method  has  worn  off,  that  more  characters  in 
each  animal  will  be  examined  in  future.  Heincke  has  set  the  example  for 
this  in  fishery  research,  and  one  can  readily  understand  the  reason.  Wo 
do  not  wish  to  know  how  this  or  that  character  varies  by  itself ;  we  wish 
to  know  how  many  vary  in  relation  to  one  another ;  in  short,  how  the 
organism  varies.  For  this  purpose  a  large  number  of  characters  has  to 
be  examined,  and  fewer  specimens  can  be  taken  than  was  formerly 
the  case. 

In  fishery  research  the  method  has  been  employed  for  the  separation  of 
groups  of  individuals  from  one  another.  Before  entering  upon  the 
research  it  has  been  impossible  hitherto  to  foretell  how  many  individuals 

•Davenport,  C.  B. :  "  Statistical  Methods,"  18&9  ;  Chapman  &  Hall,  London. 

fDuncker,  G. :  "  Die  Methode  dor  Variations«tatistik,  Arch,  fUr Enttricl,  B.  VIII.,  1899. 

tGalton,  F.  :  **  Natural  Inheritance,"  1889  ;  also  Proe,  Roy,  Soc,,  Vol.  LXI.,  1897. 

{Weldon,  W.  P.  R. :  *'  Remarks  on  Variation  in  Animals  and  Plants,  Proc.  Roy.  Soc,y 
Vol.  LVIl.,  1895  ;  al^40  Presidential  Address  to  the  British  Asj^ociation,  1898. 
liHeincke,  F. :  "  Naturgeschichte  des  Herings,"  AbhandL  d,  Ikut,  Setfisch,  V.,  1898, 


202  Part  HI. — Eiijhteenth  Anmuil  Rep&rt 

of  each  group  would  be  required,  and  even  now  no  definite  rules  can  be 
given.  Some  characters  are  more  valuable  for  the  research  than  others, 
and  fewer  specimens  are  necessary  for  these  than  for  other  characters.  Ift 
is  necessary,  further,  to  sub-divide  each  group  according  to  size  or  sex,  and 
if  the  differences  between  each  group  are  small  the  number  of  specimens 
examined  must  be  greatly  increased.  In  the  present  work  it  has  been 
found  that  two  hundred  specimens  about  the  same  size  permit  definite 
conclusions  to  be  drawn.  If  the  number  in  the  sub-group  falls  below 
fifty  the  conclusions  become  uncertain. 

The  choice  of  characters  is  also  a  matter  of  moment.  There  is  no  doubt 
that  numerical  parts  ('*  integral  variates ''),  such  as  the  vertebrse  and  fin- 
rays,  are  the  easiest  to  manipulate  and  sometimes  the  most  suitable,  but 
this  is  not  always  the  case.  Even  over  a  wide  area,  such  as  the  North 
Sea,  these  characters  may  not  show  any  appreciable  change  in  their 
averages.  This  will  be  shown  in  the  case  of  the  plaice,  and  it  probably 
occurs  in  many  other  forms.  Diffierences  do  occur,  however,  in  some 
forms,  as  in  the  herring  and  the  plaice  of  the  Baltic,  and  it  is  always 
advisable  to  choose  these  parts  for  study.  Of  more  importance,  however, 
are  the  ''  dimensional  "  and  "  substantive  "  variations.  These  arise  from 
linear  parts,  length,  breadth,  form,  <&c.,  and  from  the  mass  or  weight  of 
structures.  These  have  been  disregarded  hitherto  by  most  workers  on 
variation,  chiefly  on  account  of  the  difficulty  of  obtaining  exact  measure- 
ments.  The  reason  is  quite  valid,  and  great  care  has  to  be  exercised  in 
the  choice  of  the  dimensions,  and  of  the  conditions  under  which  the 
measurements  are  taken.  If  possible,  fresh  specimens  should  be  examined, 
but  if  preserving  agents  are  used  then  the  contraction  or  expansion  of 
each  measured  part  has  to  be  determined.  This  gives  rise  to  a  great 
amount  of  labour,  and  it  is  better  to  examine  only  fresh  specimens.  Soft 
or  flexible  parts  should  also  be  avoided,  because  the  errors  arising  from 
faulty  observation  may  be  considerable.  Matthews  and  Heincke  have 
shown,  however,  that  certain  characters  in  the  round  fishes  are  valuable, 
although  they  involve  the  measurement  of  soft  and  flexible  parts.  Such 
characters  are  the  relative  distances  of  the  fins  from  the  snout  and  tail. 
The  changes  that  take  place  in  these  during  growth  are  well  known  in 
the  cases  of  the  sand-eel  and  young  herring,  and  they  are  therefore  of 
importance  for  investigation.  It  is  preferable,  however,  to  choose  the 
dimensions  on  the  skeleton — e.g.,  the  skull  and  vertebraa — of  which  the 
measurements  can  be  made  accurate  to  within  half  a  millimetre. 

In  the  present  work  the  large  majority  of  the  measurements  consisted 
of  these  dimensions  on  the  skeleton.  Exceptions  were  the  height  of  the 
body  and  length  of  tail,  and  in  these  cases  the  error  of  observation  would 
be  within  1.5-2mm.  only.  It  is  on  account  of  these  possible  errors  that 
such  dimensions  are  unsatisfactory.  In  a  large  number  of  specimens  the 
errorj  will  be  distributed  almost  equally  about  the  mean,  and  hence  will 
not  afiect  the  average  of  the  character,  but  they  will  affect  the  standard 
deviation,  and  hence  the  fluctuations  of  the  averages.  These  will  be 
presently  defined ;  at  present  it  is  sufficient  to  say  that  the  conclusions 
that  might  be  drawn  from  the  averages  are  thereby  rendered  uncertain. 

The  number  of  characters  that  should  be  chosen  depends  upon  the 
object  desired.  If  it  is  desired  to  ascertain  whether  groups  or  races  exist, 
or  to  investigate  the  variations  due  to  sex  or  age,  it  is  advisable  to  examine 
a  large  number.  This  part  of  the  study  is  still  somewhat  unsettled,  but 
a  few  general  considerations  may  be  stated.  The  changes  that  arise 
during  growth,  or  from  differences  in  the  environment,  are,  apart  from  the 
"  integral  variates,"  changes  in  the  relative  proportions  of  the  structures 
of  the  body,  and  these  are  concerned  with  the  movements  of  the  animal, 
its  balance  or  equilibrium.     It  is  necessary,  therefore,  to  choose  such 
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parts  as  will  best  express  this  balance.  The  skull,  for  example,  is  in  pro- 
portion to  the  caudal  region,  the  height  of  the  body  is  correlated  with  the 
height  of  the  skull,  the  position  of  the  fins  is  connected  with  the  move- 
menta  of  the  body,  and  so  on.  The  various  dimensions  which  express 
these  relations  should  be  chosen,  and  not  one  only  of  a,  structure  but 
several.  By  choosing  several  dimensions  of  one  structure  the  conclusions 
in  the  end  are  more  certain  and  satisfactory,  even  though  something  is 
added  to  the  labour. 

The  measurement  of  the  mass  or  weight  of  the  various  parts  and 
structures  has  not  yet  been  attempted  on  account  of  the  great  practical 
difficulties  in  the  way.  When  these  have  been  overcome  and  accuracy  in 
measurement  attained  a  new  and  valuable  field  for  the  study  of  variations 
will  be  opened  up.  In  connecti  )n  with  the  taking  of  the  measurements, 
further,  it  may  be  said  that  each  species  presents  different  possibilities. 
In  addition  to  the  general  considerations,  it  is  therefore  necessary  to  take 
note  of  the  characters  which  differentiate  a  species  from  its  nearest  allies. 
Systematists  have  hitherto  chosen  the  superficial  characters  for  the  most 
part  in  order  to  distinguish  between  sj)ecies,  but  it  is  becoming  more  and 
more  apparent  that  if  we  are  ever  to  gain  a  definite  notion  of  the 
"species'*  and  its  mode  of  origin  in  any  one  case,  we  must  penetrate  to 
the  internal  morpholoi^ical  diilerences,  and  from  these  limit  off  the  species 
from  one  another.  The  distances  between  various  Mj)ecies  (as  between 
herring  and  si)rat,  plaice  and  flounder)  may  differ  in  the  various  genera ; 
we  do  not  yet  know.  And  here  again,  as  Heincke  points  out,  the  study 
of  variations  methodically  carrie<l  on  is  part  of  the  work  of  the  present- 
day  morpbologist  and  systematist. 

The  methods  by  which  the  measurements  are  taken  are  various,  and 
depend  a  great  deal  on  the  ingenuity  of  the  observer.  Davenport  (I.e.) 
explains  the  various  methods  now  in  use,  but  there  is  still  scope  and  need 
for  more  accurate  ways  of  taking  measurements,  This  is  a  separate  study 
in  itself  demanding  special  attention,  and  in  a  short  time  it  is  probable 
that  the  laboratory  of  the  biologist  will  be  supplied  with  instniments  as 
delicate  and  accurate  as  those  of  the  physicist  and  chemist.  For  the 
present  work  the  ordinary  instruments  only  have  been  used,  but  it  is 
hoped  to  make  some  improvements  in  the  future  stages  of  the  study. 

When  the  characters  have  been  measured  and  their  values  tabulated  it 
is  necessary  to  reduce  them  to  their  percentage-values  with  respect  to  some 
common  standard,  otherwise  they  would  not  be  directly  comparable.  The 
common  standard  chosen  by  different  observers  is  not  always  the  same. 
The  total  length  of  the  fish,  or  this  length  minus  the  length  of  tail,  are 
usually  taken.  In  the  present  work,  the  total  length  minus  tail-length  and 
skull-length  has  been  chosen  as  standard,  and  is  called  ''body-length  " 
throughout,  although  the  small  distance  between  the  tip  of  the  snout  and 
the  anterior  end  of  the  vomer  is  included  therein.  The  choice  of  this 
standard  is  not  merely  a  matter  of  couveuieuce.  It  has  to  be  chosen  so 
that  the  differences  in  the  values  of  the  various  dimensions  are  fairly 
represented  in  the  averages.  If  the  standard  dimension  is  itself  under  or 
near  100  of  the  units  employed  (millimetres,  say),  this  condition  is  always 
fulfilled.  But  if  the  standard  is  large,  over  200  and  more,  then  it 
will  be  necessary,  in  order  to  bring  this  down  to  100,  to  divide  it  always 
by  a  larger  number  than  2.  Each  dimension  must  be  so  divided,  conse- 
quently, and  the  differences  between  the  original  values  will  be  reduced 
according  to  the  value  of  the  divisor.  Thus,  if  the  divisor  is  3  or  10,  then 
a  difference  of  3  or  10  in  the  observed  values  becomes  only  1  in  the  per- 
centages. This  difficulty  is  certainly  obviated  if  the  standard  is  taken  as 
1000,  and  the  secondary  dimensions  expressed  in  thousandths,  but  this 
increases  the  labour  of  calculation  enormously.     It  is  advisable,  therefore. 
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to  use  percentages,  and  in  order  to  do  so,  and  avoid  at  the  same  time  the 
above-mentioned  difficulty,  the  standard  dimension  should  be  chosen  as 
near  100  as  possible. 

Certain  parts  of  the  body,  again,  may  be  grouped  together  if  they  are 
related  to  one  another.  Thus,  the  height  or  breadth  of  the  tail  is  usually 
expressed — when  it  is  taken — in  terms  of  the  tail- length,  and  the  breadth 
And  height  of  the  skull  are  expressed  in  percentages  of  the  skull-length. 
For  the  present  work  forty  characters  in  all  have  been  taken,  but  only  a 
few  of  these  have  been  chosen  for  the  present  paper,  as  it  was  thought 
better  to  direct  more  attention  to  the  thorough  working  out  of  the  method 
in  a  few  cases  tlian  to  the  superficial  display  of  the  variations  of  many 
characters.  The  characters  chosen  are  probably  the  most  valuable  for  the 
purposes  required,  but  the  value  of  the  others  has  yet  to  be  decided. 

When  the  percentage-values  of  a  character  are  arranged  in  order  it  is 
found  that  a  varying  number  of  individuals  come  under  each  percentage. 
Each  percentage- value  is  called  a  "  variate  "  or  "  variant,"  and  the  number 
of  individuals  under  each  variant  is  the  *'  frequency  '*  of  the  variant  The 
variant  having  the  largest  frequency  is  called  the  "  mode."  When  the 
average  or  mean  has  been  calculated  these  variants  are  commonly  spoken 
of  as  '*  deviations.''  More  strictly  used,  the  term  *'  deviation  ''  applies  to 
the  distances  that  the  variants  are  from  the  mean  or  average.  When 
these  distances  have  been  calculated  their  average  may  be  obtained,  and 
this  is  called  the  '*  average  deviation ''  of  the  variants.  Within  recent 
years,  however,  biologists,  following  the  advice  and  example  of  Pearson,  do 
not  employ  the  average  deviation,  but  the  "  error  of  mean  square  "  of  the 
deviations.     This  is  obtained  from  the  formula 

<r      =  J  -V  (^  ^f), 

n 

where  x  is  any  deviation,  /  its  frequency,  and  n  the  total  number  of 
individuals,  cr,  the  so-called  ^^  error  of  mean  square  "  of  the  physiciste,  is 
called  the  "  standard  deviation  "  or  **  index  of  variability ''  by  biologists. 
It  is  employed  to  represent  the  range  of  variations  or  the  "variability" 
of  a  character,  and  is  useful  in  comparing  the  variability  of  different  organs 
n  the  same  species  or  the  same  organ  in  dififerent  species. 

A  short  method  of  obtaining  o-,  given  by  Pearson  and  described  by 
Duncker,  consists  in  taking  tlie  "  mode  "  as  the  approximate  average, 
calling  it  0  and  the  deviations  from  it  -f  1,  -|-  2,  +  3,  etc.,  on  the  one 
side,  and — 1 — 2 — 3,  etc.,  on  the  other.  Calculating  the  "average  devia- 
tion "  of  these  (having  regard  for  the  signs)  we  obtain  the  distance  of  the 
true  average  of  the  variants  from  the  mode.  The  sum  of  the  squares  of 
these  deviations  is  then  calculated,  according  to  the  formula  2  (n  ^  /),  and 
<r  is  then  obtained  from  the  formula — 

where  x  is  any  one  of  the  integral  deviations,  and/ its  frequency  as  before. 
Since  this  mode  of  working  involves  only  whole  numbers,  it  is  obviously 
much  simpler  than  the  older  method  of  employing  the  actual  deviations 
from  the  true  average,  which  meant  using  numbers  of  two  and  three 
figures  where  now  0,  1,  2,  etc.,  are  used. 

The  further  processes  in  the  development  of  the  nialhematicaljmethod 
are  borrowed  from  the  mathematical  theory  of  probabilities.  Without 
entering  into  the  reasoning  of  their  mathematical  aspect,  which  may  be 
found  in  the  writings  of  Galton,  Weldon,  and  Heincke  (I.e.),  it  is  necessary 
to  show  their  biological  meaning.  The  individuals  examined  represent 
only  a  very  small  fraction  of  the  total  number  of  individuals  in  the  group. 
Hence  the  average  found  for  the  observed  individuals  is  only  probably 
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the  true  average  of  the  total  number.  The  amount  of  probability  can  be 
calculated  from  the  following  formula.  The  probably  true  value  of  the 
standard  deviation  or 

P.0-.      :--     0-6745    (T, 

and  dividing  this  by  the  square  root  of  the  number  of  individuals  observed, 
or  v^  w,  we  obtain  the  probable  error  (r)  of  the  observed  average.  The 
true  average  for  the  total  number  of  individuals  in  the  group  will  then 
probably  lie  between  J/+r,  where  M  is  the  observed  average.  According 
to  Davenport,  if  we  take  three  times  r,  then  the  probability  is  19  to  1 
that  the  true  average  will  lie  between  M±Zr.  If  we  take  five  times  r, 
then,  according  to  Heincke,  the  probability  is  1000  to  1  that  the  true 
average  lies  between  3/jf  5r.*  Through  this  method,  therefore,  we  are 
given  the  means  of  testing  and  telling  the  amount  of  probability  or 
certainty  in  our  results. 

The  further  developments  of  the  mathematical  theory — the  plotting-out 
and  determination  of  the  variations-curves,  the  correlation  of  variations 
and  of  averages — are  not  employed  in  the  present  paper,  and  may  be  left 
for  future  discussion. 

A  few  words  should  be  said  as  to  the  meaning  of  the  words  "variation" 
and  "variability."  According  to  the  common  usage  in  Biology,  "varia- 
tion *^  is  a  general  and  vague  term,  which  might  be  applied  to  either 
"variants  "or  "deviations"  as  defined  above.  For  common  usage  this 
does  not  much  matter,  and  in  the  present  paper  the  term  is  employed  in 
its  general  sense.  But  a  good  deal  of  confusion  would  arise  in  the 
mathematical  method  if  its  meaning  were  not  made  more  precise.  In  the 
more  restricted  sense  now  employed,  "  variations  "  mean  the  observed 
deviations  expressed  in  terms  of  the  standard  deviation. 

The  definition  of  the  term  "  variability  "  is  extremely  difficult.  It  is 
one  of  those  words  which  imply  potentiality  or  possibility,  and  is  best 
described  by  showing  what  it  is  not.  Any  character  whatsoever  presents 
a  series  and  range  of  variations,  but  variability  is  not  the  variations  nor 
the  range  of  variations.  These  are  the  outward  cxprcsi^ions  or  indications 
of  the  variability,  which  is  something  (X)tential  and  iuuate.  In  one  and 
the  same  individual,  again,  the  characters  do  not  all  remain  constant  and 
unchanging  throughout  life,  but  alter  with  growth,  and  here,  again, 
variability  is  not  the  actually  observed  change,  but  the  possibility  of  that 
or  any  other  change.  Variability  is,  however,  not  indefinite,  so  far  as  we 
know,  but  gives  rise  to  variations  which  are  limited  within  a  certain 
range.  Variability  is  thus  a  general  term  which  indicates  the  power 
that  an  organism  possesses  of  giving  rise  to  variations.  These  variations 
are  particular  observed  objects  more  correctly  spoken  of  by  reference  to  a 
particular  observed  average,  and  their  standard  deviation  about  that 
average  is  a  measure  of  the  variability,  and  is  thence  called  the^"  index  of 
variability." 

The  various  forms  of  "  variability  *'  will  be  presently  dealt  with; 
meanwhile  it  is  of  importance  to  show  more  closely  the  underlying 
meaning  and  inter-relation  of  these  conceptions.  This  subject  has  recently 
been  discussed  by  Professor  Sedgwick,t  who  endeavours  to  make  a  generic 
division  of  variations  into  two  kinds — genetic  and  acquired.  Genetic 
variations  are  inherent  in  the  constitution  of  the  individual.  They  arise 
in  the  germ  in  consequence  of  conjugation,  and  manifest  themselves  in 
"  habit,  constitution,  form,  and  structure."  They  have"  nothing  to  do 
with    the    environmental    conditions.      On    the   other  hand,    acquired 

*Tbe  "fluctuations  of  the  averages"  in  theTablen  are  based  upon  the  formula  3f+5r. 
f  Address  to  the  Zoological  Section  of  tbe  Britiyh  Association,  Dover,  1899. 
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characters  or  variations  are  'Hhose  which  are  caused  by  the  direct  action 
of  external  conditions."  Theoretically,  the  difference  seems  obvious,  yet, 
when  it  comes  to  the  working  out  in  details,  Sedgwick's  own  words  show 
that  the  distinction  breaks  down.  In  one  place  (p.  8)  he  says  "  it  would 
appear,  then,  tliat  every  feature  which  successively  appears  in  an  organism 
in  the  march  from  the  uninucleated  zygote  to  death  is  an  acquired 
character."  If  so,  how  should  we  be  able  to  tell  that  any  observed  change 
in  habit,  conntitution,  form,  or  structure  was  genetic? 

This  point  is  of  the  utmost  importance  in  many  ways,  and  the  crux  of 
Sedgwick's  position  is  found  when  we  take  the  environment  into 
consideration.  If  we  could  conceive  of  a  zygote  developing  into  an  adult 
or  passing  through  any  stage  whatsoever  independent  of  the  environment — 
I.e.,  "  outside  of  "  an  environment — then  we  should  unhesitatingly  call  its 
features  '*  genetic."  But  do  any  features  arise  independent  of  external 
stimuli  ?  So  long  as  we  are  forced  to  believe  that  an  organism  is  in  touch 
with  the  environment  from  beginning  to  end,  then,  according  to  his 
own  definition,  we  are  obliged  to  call  every  feature  or  variation  "acquired." 
The  difficulty  arises  from  the  new  meaning  which  Sedgwick  has  given  to 
the  words  "  acquired  characters."  Formerly  these  meant  simply  such 
changes  as  were  directly  traceable  to  some  impression  of  the  environment, 
such  as  mutilations,  and  to  such  as  were  caused  by  the  activity  of  the 
organism,  such  as  the  increase  of  muscular  tissue.  The  old  meaning  was, 
however,  too  indefinite  and  vague,  and  Sedgwick's  definition  undoubtedly 
clears  the  air.  If  we  accept  his  definition  of  "acquired  character"  as 
given  above,  it  is  evident  that  wo  now  require  a  new  classification  of 
acquired  characters. 

On  this  view  therefore  we  may  call  the  observed  particular  features  of 
any  organ  or  structure  an  "acquired  character,"  and  the  advantage  of  this 
is  that  our  attention  is  directed  to  the  environmental  conditions — i.c.,  the 
stimuli  which  have  led  to  the  appearance  of  this  particular  feature. 
Behind  these  characters  is  the  formative  protoplasm  which  tends  to  take 
definite  shape  in  diverse  ways — f*.«.,  possesses  "  variability  " — and  is  finally 
led  into  one  particular  line  by  particular  stimuli  of  the  environment. 

We  may  briefly  refer  also  to  the  complex  question  of  heredity.  If  all 
the  particular  features  of  structure  and  form  of  an  organism  are  acquired 
in  its  own  individual  life-time,  what  does  it  receive  by  inheritance) 
Obviously,  as  Sedgwick  points  out,  we  may  conclude  from  the  above 
reasoning  that  the  offspring  does  not  receive  through  the  germ  any 
particular  feature  whatsoever — t.^.,  acquired  characters  are  not  inherited. 
If  the  same  features  recur  in  successive  generations  we  should  look  for 
the  reason  in  the  continuation  or  succesFtive  reappearance  of  similar 
environmental  stimuli.  The  importance  of  this  conclusion  is  widespread, 
for  we  account  for  the  appearance  and  reappearance  of  i)articular  features 
in  parent  and  offspring,  not  merely  by  the  continuity  of  the  germplasms, 
but  also  by  the  continuity  of  the  environmental  conditions.  In  other 
words,  the  so-called  inheritance  that  parents  bestow  upon  their  offspring  is 
the  inheritance  of  better,  worse,  or  similar  living  conditions  to  those  they 
themselves  possessed. 

It  follows  from  these  conceptions  that  when  we  talk  of  particular 
characters  being  "preserved  by  inheritance"  we  mean  that  the  environ- 
mental conditions  must  remain  the  same.  Thus,  if  we  should  find  that  a 
particular  species  of  fish,  say,  the  herring  or  the  plaice,  was  divisible  into 
groups,  and  we  should  say  that  the  essential  condition  for  the  permanence 
of  each  group  was  the  continual  inheritance  of  the  parental  characteristics, 
we  mean  that  the  environmental  conditions  must  remain  similar  or 
nearly  so  throughout.  If  we  had  reason  to  believe  that  these  conditions 
altered,   or   that  the  parents,  through  migration  or  otherwise,  did  not 
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return  continually  to  similar  spawning  places  under  similar  conditions,  wo 
should  be  forced  to  admit  the  uselessness  of  searching  for  groups  or 
"races."  It  will  be  shown,  however,  on  the  contrary,  that  we  have  good 
evidence  to  believe  that  through  habit  or  iustiuct  the  animals  of  a  group 
return  constantly  to  approximately  the  same  places  and  conditions  where 
they  were  born  in  order  to  spawn.  Thus,  we  have  the  essential 
"inherited"  conditions  for  the  maintenance  of  a  group  or  race. 

What  would  happen,  however,  if  the  conditions  changed  in  the  mean- 
while? Obviously  we  could  not  expect  the  "acquired  characters"  to 
remain  constant.  If  the  change  was  so  extreme  that  the  variability 
posses-sed  by  the  organism  could  not  respond  to  the  impressed  stimuli  we 
should  expect  that  none  of  the  offspring  would  survive.  As  an  example 
of  this  wholesale  dt'Stniction  of  a  group  or  species  may  be  mentioned  the 
remarkable  case  of  the  tile-fish  in  American  waters.  If  the  variability 
possessed  by  the  organism  was,  however,  equal  to  the  emergency,  then  we 
should  expect  th:\t  the  new  "acquired  characters"  would  dill'er  greatly 
from  the  old,  and  would  be  similar  to  the  characters  of  any  other  group 
of  the  same  species  which  had  formerly  lived  under  these  new  conditions. 
If  the  new  conditions  had  come  to  stay,  miglit  we  not  believe  that 
"through  the  nature  of  the  organism  and  of  surrounding  conditions,  but 
not  through  natural  sidecticm,"*  a  new  group  or  race  had  been  formed, 
and  if  a  new  group,  why  not  a  "new"  species? 

This  conceivable  mode  of  the  differentiation  or  formation  of  species, 
is  not  to  be  confounded  with  "evolution "  or  the  process  by  which 
one  form  has  developed  from  another  so  that  the  distinction  of  higher  and 
lower  may  be  made — which  is  a  related  yet  quite  separate  problem. 

The  Various  Fokms  op  Variability. 

The  questions  in  connection  with  variability  resolve  themselves  into  at 
least  three  distinct  main  problems,  which  are  so  closely  related  to  one 
another  that  it  is  nc'cessary  to  treat  of  them  together,  and  yet  so  complex 
and  large  that  they  demand  separate  attention  and  study.  These 
problems  arise  from  the  different  ways  that  the  variability  of  the  organism 
shows  itself.  Theve  dixa  {I)  sex-variahility  ]  (2)  growth  variability  \  (3) 
race-  or  family -variability.  Another  form  of  variability  has  l^een 
suggested  by  Ileincke,  namely,  ascvual  variability^  which  is  meant  r-o 
include  the  dilfereuces  that  would  be  found  between  two  groups  of 
animals  after  the  other  forms  of  variability  have  been  eliminated.  It  is 
doubtful,  however,  whether  these  difleronces  would  not  come  under  the 
heading  (3)  race-variability  in  the  end. 

I.  Sex-variabilittf. — Sex-difteremes  are  divided  into  two  classes — 
primary,  those  directly  concerned  with  the  reproductive  organs ; 
secondly,  those  not  so  connected,  but  in  some  way  related  to  sexuality. 
Only  the  latter  group  come  into  the  present  research.  In  the  class  of 
fishes,  as  a  whole,  secondary  sexual  differences  are  not  so  well  marked  as 
in  other  vertebrates,  but  where  they  do  occur  they  manifest  themselves  in 
a  similar  way,  in  colouration,  structure  of  the  jaw,  for  example.  The 
question  is  whether  they  occur  in  the  plaice. 

Xo  very  definite  external  differences  have  been  found  except  in  the 
case  of  "  ciliated  scales,"  and  even  this  is  doubtful.  Both  Dunckert  and 
Cunningham^  found  that  the  mature  males  possessed  these  scales,  but 

•  Darwin,  ('. :  **  Origin  of  SiHJcieH,"  cd.  6,  p.  176:  cited  by  Profcs-sor  Swlgwick,  /.*•., 
I>.  12. 

+  Duncker,  G.:  "Variation  u.  Verwandtschaft  v.  P.  H^sm  L.  u.  /'.  jtlottAta  L.,"'   W'imn 
M'-'-nsHnter.,  B.T.U.  2,  1896. 

^Cunningham,  J.  (,'.:  •'  Peculiarities  of  Plaice  from  different  Fishing  (iround.-*,"  Jour. 
Mar.  BhJ.  Jw.,  Vol.  IV.,  1897,  PP-  •n5-3r)7. 
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Cunningham  shows  that  they  arc  to  he  also  found,  though  much  less 
frequently,  in  the  females.  It  is  given  by  Duncker  and  Cunningham, 
however,  as  a  secondary  sexual  character,  although  it  may  be  associated 
rather  with  some  peculiarity  in  the  environment,  because  it  seems  to 
occur  more  frequeutly  in  the  Baltic  plaice  than  in  those  of  the  North  Sea. 
Other  secondary  sexual  differences  found  by  Duncker  and  Cunningham 
lay  in  the  height  of  the  body,  length  of  the  head,  and  number  of 
vertebrae  and  fin-rays.  The  conclusions  of  Duncker  were,  however,  incon- 
clusive,* because  of  the  small  number  of  specimens  that  he  worked  with, 
and  because  the  majority  were  immature.  The  differences  due  to  growth, 
therefore,  are  not  clearly  separated  from  those  of  sex.  Cunningham's 
conclusions  labour  under  the  latter  difficulty  also,  and  they  are  even  more 
unsatisfactory,  because  he  did  not  calculate  the  averages. 

The  various  characters  examined  by  these  observers  may  be  gone  over 
in  detail. 

Vertehrce  and  Fin-rays. — These  have  been  examined  for  sexual 
differences  without  result.  One  example  only  need  be  taken.  In  the 
adjoining  Table  IV.  the  frequencies  of  the  dorsal  fin-rays  in  both  sexes 
and  in  different  regions  are  given  in  full,  the  averages  of  each  are  given 
in  the  fourth  column,  and  the  fluctuations  of  the  total  averages  are  stated 
at  the  foot. 

A  glance  at  the  averages  will  show  that  they  are  on  the  whole  slightly 
larger  for  the  males  than  the  females — a  result  in  contradiction  to 
Cunningham's  conclusion,  but  that  the  fluctuations  of  the  total  averages 
overlap  and  agree  more  than  they  disagree.  The  conclusion  is,  therefore, 
forced  upon  us  that  we  cannot  find  any  secondary  sexual  differences  in  the 
dorsal  fin-rays.  In  a  short  preliminary  note  of  his  work  on  the  varia- 
bility of  the  flounder,  Dunckert  shows  the  same  result  for  all  the  fins. 

The  vertebrae  and  other  fins  examined  by  myself  lead  to  the  like 
conclusion,  and  in  their  work  on  the  herring  both  Matthews^  and 
Heincke§  found  the  same  thing.  It  is  allowable,  therefoi-e,  to  take  the 
males  and  females  together  so  far  as  regards  the  numbers  of  vertebrae 
and  fin-rays. 

•  See  criticism  of  Duncker's  work  by  F.  B.  Stoad,  Jour.  Mar.  Biol.  Ass.,  Vol.  IV.,  p. 
293. 

t  Jour.  Mar.  Biol.  Ass.,  Vol.  V.,  1898,  pp.  172-175. 

t  Matthews  J.  D. :  S.F.B.  Rep.,  IV.,  p.  01 ;  V.,  p.  295. 

§  Ueincke,  ?\,  I.e. 
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Body  height.  -By  this  is  meant  the  greatest  distance  between  the  dorsal 
and  anal  iins  measured  from  their  bases.  As  already  montioned,  this 
dimension  is  taken  in  percentage  of  the  total  length  of  the  fish  minus  the 
length  of  tail  and  len<^th  of  skull.  Both  by  Duncker  and  Cunningham  it 
has  been  stated  that  this  dimension  was  slightly  greater  in  the  females 
than  the  males.  So  far  as  their  data  is  concerned,  however,  this  con- 
clusion is  not  very  evident,  and  it  will  be  seen  from  Table  XL,  p.  230, 
that  such  a  conclusion  can  only  be  drawn  with  great  caution. 

In  five  groups — the  males  and  females  of  each  group  being  directly 
comparable  as  regards  size  and  condition  of  reproductive  organs — only  cue 
group  shows  a  clear  difforenco  between  the  males  and  females  in  the 
lluctuations  of  the  averages.  This  is  the  group  of  mature  plaice  from 
Aberdeen,  which  are  over  350mra.  in  lengtli.  The  fluctuations  are  62 '50- 
64*30  per  cent  for  the  males  and  6548-67  88  per  cent  for  the  females. 
The  difference  is  certainly  considerable,  being  on  the  average  for  a  fish  of 
400mm.  length  about  8ram,,  or  one-third  of  an  inch  in  favour  of  the 
females.  Tbe  number  of  specimens  in  both  cases  is,  however,  small,  and 
it  may  be  that  this  character  is  not  well  represented  by  them.  In  the 
other  four  groups,  where  the  specimens  are  more  numerous,  the  fiuctuations 
of  the  averages  overlap  in  each  case,  although  the  averages  for  the  males 
are  slightly  smaller  in  all  cases  than  those  for  the  females.  From  the 
latter  fact  there  is  a  certain  amount  of  probability  that  a  slight  sexual 
difference  in  this  character  does  exist. 

In  endeavouring  to  state  the  amount  of  tliis  probability  it  must  be 
remembered  that  the  individuals,  the  averages  of  whose  characters  are 
here  given,  represent  only  a  small  fraction  of  the  total  in  the  sea,  and  yet 
that  the  probability  can  only  be  based  on  the  actually  observed  values. 
On  account  of  the  former  fact  some  might  say  that  the  averages  given 
may  not  even  approximate  to  the  averages  that  would  be  obtained  from 
an  infinite  number.  Unless  there  is  collateral  evidence  to  show  that  the 
specimens  examined  are  not  sufficient  in  number  and  are  not  representative, 
however,  the  latter  fact — that  this  is  the  only  kind  of  evidence  we  can 
have — forces  us  to  trust  in  the  amount  of  probability  there  is  in  the 
results. 

As  they  stand  in  the  Tables  the  fluctuations  of  the  averages  are  calcu- 
lated from  five  times  the  probable  errors  of  the  averages.  This  means 
that  if  the  averages  did  not  overlap,  then  the  probability  is  a  thousand  to 
one  that  the  differences  observed  correspond  to  true  differences  in  nature. 
The  four  groups  in  <iuestion  will  not  give  this  amount  of  probability.  If 
the  probable  errors  are  only  multiplied  by  3,  however,  then,  according  to 
Davenport  (/.<*.),  the  i)robal)ility  is  only  19  to  1.  Not  one  of  the  four 
groups  in  question  will  give  the  amount  of  probability.  Again,  if  the 
probable  errors  are  multiplied  by  2  only,  the  probability  is  then  4  to  1 
that  there  are  real  differences  in  nature  corresponding  to  the  observed 
differences.  But  none  of  tlie  four  groups  give  even  this  amount  of 
probability.  Lastly,  if  the  probable  error  alone  is  used  the  probability  is 
simply  1  to  1.  This  amount  of  probability  is  given  by  the  three  groups 
from  the  southerly  North  Sea,  but  not  from  the  group  of  immature 
specimens  from  Aberdeen.  In  conclusion,  therefore,  if  the  group  of 
mature  specimens  from  Aberdeen  be  omitted,  as  being  by  comitarison 
with  the  other  groups  not  true  representatives  of  the  values  of  this 
character,  then  the  probability  of  there  being  secondary  sexual  differences 
in  this  character  is  only  1  to  1 — t.e.,  it  is  just  as  probable  that  there  are 
no  such  differences. 

L*ingth  of  Skull. — This  con'esponds  to  a  certain  extent  with  the  dimen- 
sion taken  by  Duncker  and  Cunningham,  called  the  **  length  of  the 
head."     This  latter  was  measured  externally  from  "  the  apex  of  the  lower 
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jaw  to  the  end  of  the  opercular  b<me,  on  the  up})er  sidt'."  (.)win^  to  the 
indefiuitenes8  of  the  hitter  point,  and  to  the  consequent  difficulty  of  taking 
this  measurement  accurately,  this  dimension  is  not  so  good  or  reliable  as 
that  taken  on  the  hard  skull.  This  dimension  was  measured  along 
the  ventral  aspect  from  the  extreme  anterior  edge  of  vomer  to  the  extreme 
posterior  edge  of  the  hasioccipital.  As  with  the  body-height,  it  is 
expressed  in  percentage  of  the  total  length  minus  the  tail  and  length  of 
skull — i.e.,  of  the  "  body -length." 

Secondary  sexual  differences  are  somewhat  more  evi  lent  in  this  dimen- 
sion than  in  the  case  of  the  body-height.  In  all  five  groups,  Table  XIII., 
p.  232,  shows  that  the  averages  for  the  males  are  smaller  by '73  on  an  average 
than  those  for  the  females,  although  in  only  two  groui)s — viz.,  the 
mature  specimens  from  the  southerly  North  Sea — are  the  fluctuations  of 
the  avemges  free  from  overlapping.  If  the  same  process  of  calculating 
tlie  probability  of  the  results  be  gone  through  here  as  with  the  body- 
height,  it  is  found  that  the  fluctuations  of  two  more  groups  do  not  overlap 
when  three  times  the  probable  error  is  employed.  Hence,  for  these  two 
groups  the  probability  of  diff'erences  existing  is  19  to  1.  For  the  fifth 
group — the  mature  specimens  from  Aberdeen — the  fluctuations  of  the 
average  cease  to  overlap  when  twice  the  probable  error  is  employed,  and 
the  probability  is  then  4  to  1.  In  conclusion,  therefore,  the  probability 
is,  on  the  whole,  in  favour  of  there  being  secondary  sexual  differences 
in  this  character — being  1000  to  1  for  two  groups,  19  to  1  for  two  other 
groups,  and  4  to  1  for  the  fifth.  If  an  average  bo  struck  between  these 
probabilities  it  may  be  said  that  the  probability  is  about  100  to  1  in 
favour  of  there  being  secondary  sexual  differences. 

Two  fine  points  in  connection  with  the  working  of  the  method  may  be 
mentioned  here.  It  has  been  shown  that  the  group  of  mature  specimens 
from  Aberdeen  were  not  very  representative  with  regard  to  the  body- 
height,  and  this  conclusion  might  be  held  to  vitiate  the  value  of  this 
group  in  all  other  characters.  This,  however,  is  not  so,  because  the  body- 
height  is  an  extremely  variable  character,  having  a  wide  range  of 
deviations,  and  is,  further,  not  so  true  and  easily  measured  a  character  as 
the  length  of  skull.  Hence,  the  conclusions  formed  with  regard  to 
the  body-height  of  this  group  do  not  apply  to  other  characters. 

Again,  this  group  was  at  variance  with  the  other  groups  in  regard  to 
the  body-height,  but  in  regard  to  the  length  of  skull  it  is  in  entire 
agreement  with  the  others — the  greater  size  of  the  probable  errors  and 
thence  of  the  fluctuations  of  the  averages  being  really  due  to  the  smaller 
numW  of  si)ecimens.  This  example  shows  well  how  the  probability  or 
certainty  of  our  conclusions  varies  with  the  number  of  specimens  examined. 

It  may  be  mentioned  that  the  only  dimension  which  Heincke 
found  to  vary  with  the  sox  was  the  side  length  of  the  head,  and  the 
difference,  in  favour  of  the  females  as  above,  was  very  small,  only  'S^/qq 
(/.c,  p.  94). 

In  the  otiier  dimensions  of  the  skull,  skull-breadth  and  sindl-depth, 
Tables  XIV.  and  XV.,  pp.  233,  234,  show  that  relative  to  the  skull-length 
there  is  no  sex- variability.  The  differences  in  the  averages  for  the  male«  and 
females  are  very  slight,  and  sometimes  the  average  for  the  male  is  the 
higher,  sometimes  that  for  the  female. 

It  has  just  been  seen,  however,  that  the  skull-length  is  slightly  greater 
in  the  female  than  in  the  male.  Hence,  the  measurements  of  the  skull- 
breadth  and  skull-depth  partake  of  this  difference  when  referred  to  the 
body-length.  The  calculation  of  the  exact  amount  of  difference  is  some- 
what complicated,  but  if  approximate  values  are  given  to  the  breadth  and 
depth  of  skull  a  very  close  approximation  to  the  true  values  can  readily 
be  obtained.     From  the  Tables  it  will  be  seen  that  the  skull-breadth  is 
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very  little  less  than  ^  of  the  skull-length,  nnd  the  skull-depth  a  little 
more  than  \  of  the  same  dimension.  The  difference  between  the  males 
and  females — viz.,  *73 — for  the  skull-length  has  to  be  multiplied  by  these 
fractions  iv  order  to  give  the  approximate  amount  of  differenee  in  the 
breadth  and  depth  relative  to  the  body-length.  The  skull-breadth  is 
therefore  relatively  greater  in  the  females  by  '36  ^/oo  than  in  the  males, 
and  the  skull-depth  is  similarly  greater  by  •25<*/oo- 

The  reason  for  this  difference  in  the  dimensions  of  the  skull  between 
the  males  and  females  does  not  seem  difficult  to  perceive.  It  is  probably 
connected  with  the  position  and  mass  of  the  reproductive  organs.  These 
are  larger  in  the  female  and  are  placed  further  back  than  in  the  male. 
The  centre  of  gravity  in  the  plaice  seems  to  lie  close  to  the  first  caudal 
vertebra,  and  the  male  reproductive  organs  are  placed  along  the  hsemal 
and  iuterhcemal  spines  of  this  vertebra,  and  anteriorly  to  it,  whilst  the 
female  organs  lie  along  the  interhsemal  spines  posteriorly.  The  greater 
size  and  therefore  mass  of  the  skull  in  the  female  would  counterbalance 
anteriorly  the  greater  mass  of  the  reproductive  organs  posteriorly. 

Tail. — Table  XII.,  p.  231,shows  that  there  is  very  little  sex-variability 
in  the  length  of  tail.  In  the  females  it  is  longer  in  four  groups,  but  in  the 
fifth  group  the  males  have  a  slightly  greater  length  of  tail  than  the  females. 
It  is  therefore  difficult  to  decide  from  the  observed  specimens  whether  this 
variability  is  present  in  the  tail  or  not.  A  slight  probability  tells  in 
favour  of  the  females  having  the  longer  tails,  and  this  may  be  correlated 
with  the  differences  in  the  boily  and  skull  already  described. 

It  should  be  mentioned  that  the  length  of  tail  was  measured  along  the 
longest  fin-ray,  the  median  one.  The  proximal  end  of  the  fin-ray  is 
found  by  bending  the  fin  to  the  side,  and  then  the  point  of  junction  of 
the  fin-ray  with  the  ring  of  cartilage  that  terminates  the  hypural  elements 
is  obtained  with  little  difficulty.  This  dimension  is  perhaps  of  little  value 
on  account  of  the  variation  in  size  caused  by  fraying  of  the  distal 
extremity.  This  affords  another  good  reason  for  deducting  the  tail-length 
from  the  total-length  of  the  fish  in  choosing  the  standard  dimension — in 
percentage- values  of  which  the  other  dimensions  are  expressed. 

II.  G roirth-variahility. — This  form  of  variability  is  a  much  more 
important  factor  in  giving  rise  to  differences  between  groups  of  individuals 
than  is  sex-variability,  and  must  be  carefully  eliminated  before  conclu- 
sions can  be  made  with  respect  to  race-variability.  It  is,  further,  a  much 
more  complex  factor  and  gives  rise  to  problems  extremely  difficult  to 
unravel. 

Some  of  these  may  be  briefly  referred  to.  There  is,  first,  the  possible 
diflerencc  of  age  in  specimens  about  the  same  size,  and  in  the  case  of 
some  organs,  as,  for  example,  the  skull,  it  might  be  thought  that  the 
hardening  process  or  ossification  would  depend  upon  age  and  not  upon 
growth.  There  soems  no  clue  to  the  solution  of  this  difficulty  for  the 
present,  but  if  it  be  considered  that,  so  far  as  known,  there  is  no  definite 
limit  to  the  growth  of  such  parU  in  fishes — unless  we  imagine  such  a  limit 
to  be  like  the  limit  of  a  convergent  series  in  mathemathics — and  that 
time  or  age  is  therefore  of  minor  consideration,  then  attention  may  be 
directed  to  the  question  of  change  in  growth  only.  Treating  the  matl^er 
more  definitely,  if  we  suppose  that  of  two  fish  about  the  same  size  one 
may  be  seven  years  old  and  the  other  only  fiwQ,  then  our  conception  of  a 
convergent  series  in  mathematics  permits  us  to  disregard  the  difference  in 
age — because  the  difference  in  the  size  of  a  part  considered  as  due  to  this 
difference  of  age  would  be  of  the  third  or  fourth  order  of  infinitesimsls  in 
comparison  with  the  sizes  of  the  parts  dealt  with — and  thence  to  consider 
the  two  specimens  as  of  the  same  age.     In  actual  observation,  also,  we  are 
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obliged  to  follow  this  course,  because  we  canuot  as  yet  fix  the  age  of  a  fish 
by  its  size  beyond  the  first  year  or  two. 

In  connection  with  this  question  an  interesting  paper  by  Reibisch* 
which  has  recently  been  published  may  be  referred  to.  He  endeavours 
to  show  how  it  is  possible  to  tell  the  age  of  a  plaice  by  an  examination 
of  the  otoliths.  These,  according  to  his  view,  grow  by  successive  deposi- 
tions of  calcareous  matter,  and  hence  the  rings  formed  at  the  successive 
stages  may  be  utilised  to  tell  the  age  of  the  tish,  just  as  the  successive 
rings  in  wood  tell  the  age  of  a  tree.  This  interesting  suggestion  came  too 
late  for  use  in  the  observations  recorded  in  the  present  paper,  but  it  will 
not  be  difficult  to  act  upon  it  in  future. 

A  further  problem  arises  when  the  rate  of  variation  in  fishes  of  presum- 
ably the  same  age  is  considered.  If  a  group  of  individuals  be  taken 
which  are  alike  in  the  condition  of  their  reproductive  organs — c.^., 
immature  maleb,  and  which  are  nearly  alike  in  size — e,g.^  between  250  and 
350mm. — it  is  found  that  they  differ  greatly  from  one  another  in  every 
character,  and  these  differences  when  arranged  according  to  the  method 
of  variations  give  a  certain  average  condition  and  a  certain  range  of 
variation  round  this  average.  The  average  condition  may  be  compared 
directly  witli  the  average  of  other  similar  chosen  groups,  but  the  question 
at  present  is  to  account  for  the  range  of  variations.  With  respect  to^ 
certain  characters — e.//.,  numbers  of  vertebra?  and  fin-rays— which,  as  will  be 
shown,  do  not  vary  with  growth,  the  range  of  variations  must  arise  from 
influences  which  arc  operative  on  the  organism  when  these  parts  are  in 
process  of  formation.  These  parts  are  fixed  at  the  earliest  stages,  when 
the  fish  is  in  the  larval  and  post-larval  condition,  and  the  influences  that 
afi^ect  their  formation  are  for  the  most  part  the  surrounding  physical  and 
chemical  conditions.  It  might  be  thought,  and  it  has  been  stated,  that  the 
differences  in  the  amount  of  food — t.e.,  of  nutrition  — may  affect  the  forma- 
tion of  these  parts,  but  it  seems  to  me  that  such  a  factor  is  probably  of 
secondary  importance.  These  parts  are  not  formed  in  a  few  minutes,  so 
that  the  momentary  condition  of  the  animal  has  to  be  taken  into  account, 
but  in  the  course  of  some  days  and  even  weeks.  (Considering,  therefore, 
that  the  chances  of  obtaining  food  are  the  same  for  individuals  hatched 
about  the  same  time,  it  is  possible  that  the  ditferences  in  the  physical 
and  chemical  conditions  are  of  the  first  importance,  and  the  differences  in 
nutrition  only  secondary,  in  causing  the  variations  of  these  parts. 

This  question  may  be  left  open,  however,  until  further  observation  and 
experiment  provide  more  sati8factx)ry  data.  Under  artificial  conditions  it 
is  probable  that  the  differences  in  nutrition  are  the  sole  cause  of  differences 
in  growth,t  but  whether,  under  natural  conditions,  such  differences  in 
the  amount  of  food  obtained  by  each  fish  can  arise  may  be  doubted. 

On  the  other  hand,  the  differences  in  the  physical  and  chemical 
conditions  when  these  parts  are  in  process  of  formation  are  well 
marked.  The  spawning-period  for  the  plaice  extends  over  three  months, 
from  January  to  March,  for  the  most  part,  and  the  average  change 
of  the  external  conditions  during  those  months  is  considerable,  though  not 
yet  known  very  definitely.  Hence  these  differences  in  the  external 
conditions  are  perhaps  of  chief  importance  in  causing  the  variation  in  the 
parts  mentioned.  It  will  be  said,  however,  that  the  organisms  which 
provide  food  for  the  young  fish  are  the  more  abundant  the  further  the 
season  advances,  and  hence  that  the  difference  in  nutrition  may  play  an 

♦  Roihwoh,  T. :  "  Ueber  die  Eizahl  Iwi  Pleuronectos  pltttossauml  dio  AlterHbeatimmung 
diojwr  Form  aud  den  Otolithon,"  \Vis»etu  Mecresuntcr.  Abtheilunfft  Kiel,  B.  IV.,  18&9. 

\-  Viiie  Oiinningluim,  J.  C:  *'The  Rate  of  Growth  of  some  Soa-tishes,  eie."  Jovr, 
M.B.A.,v.  II.,  18W-92. 
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important  [)art  in  causing  differences  in  structure.  It  is  possible,  but  at 
the  earlier  portion  of  the  spawning  period,  when  there  is  little  nutrition  to 
be  had,  there  are  also  relatively  few  young  fish,  and  at  the  later  portions 
of  the  spawning  period,  when  food  is  abundant,  so  also  are  the  young  fish. 
For  such  parts  as  the  vertebrsB  and  tin-rays,  therefore,  it  is  probable  that 
the  range  of  variation  which  is  observed  is  mostly,  if  not  entirely,  due  to 
the  physical  and  chemical  conditions. 

In  the  case  of  other  characters,  length  of  fish,  length  of  skull,  and  so 
on,  the  range  of  variations  observed  is  probably  due  not  so  much  to  the 
physical  and  chemical  conditions,  nor  to  the  differences  in  nutrition,  but 
to  the  known  difference  of  age.  If  the  spawning  period  extends  over 
three  months  and  more,  all  dimensional  parts  will  show  in  the  range  of 
their  variations  the  effect  of  this  range  of  variation  in  the  time  at  which 
the  individuals  were  born.  If  two  individuals  start  out  on  life  from  the 
same  place  and  about  the  same  time,  then  the  chances  are  that  they  will 
differ  much  less  from  one  another  than  two  other  individuals  which  start 
out  on  life  from  the  same  place  but  at  different  times.  Hence,  the  range 
of  variation  of  any  organ  at  any  particular  period  of  life  may  be  considered 
as  corre8{>onding  to  the  initial  difference  of  age.  Each  period  of  life, 
however,  has  a  certain  average-condition  for  each  character,  and  in  order 
to  obtain  a  measure  of  the  growth- variability  attention  has  to  be  directed 
to  the  change  in  this  average-condition  and  not  to  the  ranges  of  variation. 

The  converse  problem  of  variations  due  to  differences  in  place  may  be 
stated  here  for  the  sake  uf  contrast.  If  two  individuals  start  out  on  life 
about  the  same  time  but  at  different  places,  then  the  chances  are  that  they 
will  differ  more  from  one  another  than  two  individuals  which  begin  life 
at  the  same  place,  and  the  differences  between  them  will  be  the  greater 
the  greater  the  distances  between  the  two  regions.  Similarly  for  time, 
and  if  the  two  individuals  in  either  case  which  have  begun  life  at  some 
distance  from  one  another  are  the  representatives  of  many  others — of 
groups,  in  short — they  may  possibly  represent  two  distinct  ra.-es.  The 
further  condition  necesvsary  is  that  the  off:4pnng  of  the  individuals  should 
arise  constantly  at  similar  distances  apart  from  one  another  as  the  two 
individuals  mentioned.  The  external  physical  and  chemical  conditions 
will  thus  be  constantly  different,  and  the  differences  in  the  characters  which 
depend  upon  these  conditions  wmII  likewise  be  constant. 

It  follows  from  this  that  racial  differences  only  differ  in  degree  from 
the  differences  due,  on  the  one  hand,  to  age  or  time,  and,  on  the  other 
hand,  to  place,  if  it  be  understood  that  differences  in  time  and  place  mean 
differences  in  the  external  conditions.  Races  may  be  recognised  by  other 
signs,  such  as  difference?  in  the  average  size  at  maturity,  distinct  differences 
in  the  times  of  spawning,  distinct  regions  within  which  the  migmtions  of 
the  different  groups  are  restricted;  but  from  the  examination  of  characters 
alone  it  is  evident  that  certain  limits  must  be  ascribed  to  the  ranges  of 
variations  due  to  age  and  place.  The  simplest  method  of  picturing  how 
these  limits  are  obtained  is  that  of  arranging  the  different  ranges  of 
variations  in  the  form  of  curves  along  the  same  axis.  These  curves  will 
almost  certainly  overlap,  but  the  centres  of  the  curves  will  be  at  some 
distance  from  one  another.  The  question  then  becomes — What  must  be 
the  least  difference  between  the  centres  so  that  we  may  say  that  these 
centres  respectively  rejiresent  distinct  races  1  According  to  the  method  of 
treating  variations  already  explained,  these  curves  may  be  taken  to 
represent  distinct  races  if  the  probable  fluctuations  of  the  averages  of 
each  group  do  notjoverlap. 

Before  going  further  it  has  to  be  noted  that  the  difference  of  "age'* 
here  spoken  of  is  distinct  from  the  difference  of  "  age  "  referred  to  in  the 
first  few  paragraphs  of  this  section.     A  reference  to  the  following  Tables 
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will  make  this  distinction  clear.  In  tliese,  the  specimons  from  two 
different  regions  are  arranged  into  three  groups — immature  specin)en8 
between  25()-350mm,  in  length,  mature  specimens  of  the  same  length, 
and  mature  specimens  over  350mm.,  mostly  between  350-450mm.  If 
we  consider  any  one  of  these  groups,  say,  the  immature,  then  the  age  of 
the  specimens  is  uncertain.  The  individuals  between  250-350mm., 
which  are  grouped  together,  may  be  three,  four,  or  five  years  old,  so  far  as 
our  present  knowledge  goes.  But  this  difference  for  the  reasons  given 
may  be  disregarded.  All  the  groups  are  alike  in  this  respect  and  thus 
directly  comparable.  On  the  other  hand,  the  average  in  each  group  is 
the  average  of  a  range  of  variations  which,  even  if  we  suppose  the 
individuals  in  each  group  to  be  of  the  same  year,  have  arisen  from  the 
initial  differences  due  to  age.  Hence,  in  comparing  the  groups  from  the 
two  different  regions — southerly  North  Sea  and  Aberdeen — it  is  necessary 
that  the  probable  fluctuations  of  the  averages  of  the  variations  due  to  the 
latter  cause  should  not  overlap  if  we  are  to  find  racial  distinctions. 

The  use  of  the  words  "  differences  due  to  age  "  in  this  sense  may  appear 
at  first  sight  a  little  confusing,  but  when  understood  the  distinction  is  of 
importance  and  the  usage  allowable. 

If,  now,  two  groups  of  diflFerent  sizes,  but  from  the  same  region — e.g,^  the 
mature  specimens  from  the  southerly  North  Sea — between  250-350mm.  and 
350mm.  and  above,  are  compared,  it  is  evident  that  the  differences  in  the 
averages  are  not  due  to  any  of  the  causes  yet  mentioned.  Such  differences 
are  usually  ascribed  to  "growth-variability.''  In  the  length  of  the  skull, 
for  example,  the  average  size — 1.6.,  the  average  ratio  of  the  skull-length  to 
body-length — diminishes  with  growth.  This  means  that  at  whatever  rate 
the  body  grows  the  head  does  not  grow  so  fast.  It  follows  from  this 
example  that  it  might  lead  to  quite  erroneous  conclusions  if  a  group  of 
mature  specimens  between  350  and  450mm.  coming  from  one  region  was 
compared  with  a  simiLir  group,  but  between  250  and  350mm.,  coming  from 
another  region.  The  differences  found  might  really  be  due  to  this 
growth- variability,  although  ascribed  to  race- van  ability. 

It  is  difficult  to  say  what  this  growth-variability  may  mean.  Separate 
explanations  have  to  be  given  for  each  character  that  presents  this 
variability,  but  in  general  it  may  be  connected  with  the  balancing  of  the 
different  organs  and  structures.  The  weight  of  the  head,  for  example, 
will  increase  in  a  greater  ratio  than  will  the  length  of  the  skull,  and  it 
may  be,  therefore,  that  the  greater  rate  of  increase  of  the  body-length 
relative  to  the  skull-length  is  correlated  with  the  rate  of  increase  of  the 
head-weight. 

In  the  discussion  of  the  growth-variability  of  the  various  dimensions 
the  influence  of  maturity  will  also  be  mentioned. 

VertehviH  and  Fin-rays. — In  the  following  Table  a  collection  of  341 
plaice  from  Heligoland  is  divided  up  into  three  lots  according  to  the 
differences  in  size  :  — 


[Table, 
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Table  V. 
Orowlh  Variability  in  Vertebra^,  and  Fin-rays. 

M— ATora^  ;  P. F.— Probable  fluctuation  of  average;  No. — Number  of  specimeiis. 


Length  in 
Mm, 

No. 

Vertebnw. 

Dorsal  Fin, 

Anal  Fin. 

M. 

P.P. 

M. 

P.P. 

M. 

P.F. 

16-  25 

134 

43'On 

42-9r.  -431 5 

72*45 

71-69-78-21 

54-31 

68-70-54 -92 

67-300 

1 

113 

1 

43-03    42-93  -4313 

1 

71-83 

71-05-72-61 

53-30 

52-68-53-92 

300  461 

94 

43  01 

42-895-43-125 

72-53 

71-75-78-31 

53-99 

63-37 -54 -61 

It  is  evident  that  the  vertebrse  remain  the  same  throughout,  because, 
even  when  the  simple  probable  error  of  the  average  is  employed,  the 
fluctuations  still  overlap.  The  fin-rays,  however,  seem  to  show  a  decrease 
and  then  an  increase.  In  the  case  of  the  dorsal  fin  there  is  no  difference 
between  the  smallest  and  the  largest  lots,  but  the  fluctuations  of  the 
averages  between  the  intermediate  lot,  from  67-300mm.  and  those  on 
either  side,  cea«e  to  overlap  when  twice  the  probable  errors  of  the 
averages  are  taxken  instead  of  five  tiroes.  In  the  case  of  the  anal  fin,  the 
smallest  and  largest  lots  are  again  almost  the  same,  but  the  averages  of 
the  intermediate  lot  do  not  overlap  with  those  of  the  first  when  four 
times  the  probable  error  of  the  averages  are  used,  and  do  not  overlap 
with  those  of  the  third  lot  when  twice  the  probable  errors  are  employed. 
There  would  tims  seem  to  be  some  evidence  of  a  decrease  in  the  numbers 
of  fin-rays  during  the  intermediate  stapjes  of  growth,  but  this  is  counter- 
balanced by  a  subsequent  increase.  This  process  seems  improbable,  and 
it  is  safer  to  conclude  either  that  the  intermediate  lot  is  not  representa- 
tive or  that  a  difference  in  the  external  conditions  in  the  different  years 
has  given  rise  to  those  observed  differences. 

Duncker  {I.e.,  p.  174),  in  his  work  on  the  flounder  at  Plymouth, 
similarly  divided  up  the  specimens  into  different  lots  according  to  size, 
but  although  there  are  slight  differences  in  the  averages  at  the  different 
sizc8  both  for  the  dorsal  and  anal  fins,  they  are  too  small  and  too  irregular 
to  be  recognised  as  differences  due  to  growth- variability.  Heincke  found 
also  for  the  herring  that  there  were  no  such  differences,  and  this  seems  to 
be  the  most  reasonable  conclusion  for  the  plaice.  This  point  will  be 
referred  to  again. 

Body-heUjlit. — A  reference  to  Table  XI.,  p.  230,  will  show  that  there 
is  very  little  growth- variability  in  this  character.  The  difference  that 
there  is  tends  to  show  that  a  slight  increase  takes  place,  but  it  is  very 
slight,  and  the  amount  of  probability  is  small.  It  will  be  noticed,  further, 
from  this  Table  that  maturity  has  little  or  no  effect  on  the  body-height, 
the  averages  for  the  southerly  portion  of  the  North  Sea  being  practically 
identical,  whilst  in  the  case  where  a  difference  is  shown — viz.,  in  the  male 
specimens  from  Aberdeen — the  probability  is  very  small  in  favour  of  a 
decrease. 

Similar  conclusions  hold  for  the  Tail  (Table  XIT.,  p.  231);  the  changes 
in  the  averages  are  irregular,  and  the  differences  too  small  to  admit  of 
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any  probability  in  favour  of  a  decrease  or  an  increase  in  length. 
Maturity  also  has  no  effect  on  this  character.  Hence,  we  may  conclude 
that  the  body-height  and  the  length  of  the  tail  do  not  alter  relative  to 
the  body-length  during  growth. 

SktUl-length. — This  dimension,  as  Table  XIIL,  p.  232,  demonstrates, 
shows  a  decrease  due  to  growth-variability  in  all  the  groups.  If  the 
groups  of  mature  specimens  alone  be  considered,  then  a  comparison  of 
three  groups  between  250--350mm.  with  other  three  between  350mm. 
and  upwards  is  possible.  In  the  first  two  groups — those  from  the 
southerly  North  Sea — the  probability  is  about  1000  to  1  in  favour  of  a 
decrease  in  the  relative  length  of  the  skull.  In  the  case  of  the  third — 
the  male  specimens  from  Aberdeen — the  probability  in  favour  of  this 
decrease  is  only  about  4  to  1,  but  it  will  be  noticed  that  the  number  of 
specimens  is  small  in  comparison  with  those  of  the  former  groups,  and 
this,  as  already  mentioned,  lowers  considerably  the  amount  of  pro- 
bability. 

The  decrease  is  for  the  three  cases  '88,  1*01,  and  '36.  The  average 
of  these  is  *75,  so  that  there  is  a  decrease  of  '75  per  cent,  in  the 
length  of  the  skull  relative  to  the  length  of  the  body  in  mature  speci- 
mens. The  difference  in  the  total  length  of  the  fish  is  approximately 
100mm.,  because  the  average  for  the  specimens  between  250- 350mm. 
is  300mm.  in  both  cases,  whilst  that  for  those  over  350mm.  is  just  a 
little  under  400mm.  This  decrease  in  the  skull-length,  it  will  be  noticed, 
applies  both  to  males  and  females. 

]f  the  first  two  columns  be  now  considered,  those  containing  the 
immature  and  mature  specimens  of  the  same  size  between  250-350mm., 
it  will  at  once  be  noticed  that  the  differences  in  the  averages  between  the 
two  groups  are  smaller  than  were  those  between  the  mature  specimens 
at  different  sizes.  The  average  difference,  indeed,  only  amounts  to  "42 
per  cent.,  where  above  it  was  '75.  Again,  if  the  probability  of  the 
observed  decrease  be  calculated,  it  is  found  to  be  19  to  1  in  the  first 
two  cases — i.e.,  those  from  the  southerly  North  Sea,  but  only  1  to  1  in 
the  third  case — /.<?.,  the  male  specimens  from  Aberdeen.  Hence,  the 
probability  that  maturity,  or  the  ripening  of  the  reproductive  organs, 
affects  the  length  of  the  skull  is  comparatively  small,  and  the  actual 
decrease  observed  is  small  in  comjiarison  with  that  observed  as  due  to 
growth-variabi  li  ty . 

Both  Matthews  and  Hcincke  found  that  the  length  of  the  skull 
relative  to  the  length  of  the  body  decreased  in  the  herring  during 
growth,  but  do  not  give  the  amount  of  decrease.  The  comparison 
between  the  herring  and  the  plaice — a  free-swimming  round  fish  with  a 
semi-sedentary  fiat  fish — would,  on  this  point,  as  on  many  others,  be  of 
considerable  interest.  Such  a  comparison  will  be  possible  later  when  the 
promised  second  portion  of  Heincke's  work  appears. 

SkuU'hreadth, — This  dimension  was  measured  from  the  pterotic  of  the 
one  side  to  the  pterotic  of  the  other,  near  the  posterior  extremity.  In 
the  plaice  the  posterior  end  of  the  pterotic  slopes  backwards  and  inwards 
to  form  an  articulating  surface  for  the  second  head  of  the  post-temporal 
bone  of  the  pectoral  arch,  and  thus  presents  no  definite  end-points  for 
measurement  Immediately  in  front  of  this  articulating  surface  is  the 
last  tubercle  on  the  pterotic,  and  as  this  tubercle  offers  a  definite  end- 
point  the  dimension  was  measured  from  tubercle  to  tubercle.  The  varia- 
tions in  height  of  these  tubercles  are  thus  included  under  the  variations  of 
the  skull-breadth. 

As  with  the  skull-length,  Table  XIV.,  p.  233,  shows  that  there  is  a 
decrease  in  the  breadth  of  skull  relative  to  the  increasing  length  of 
body.      The  proportions  given  in  the  Table  are  relative  to  the  skull- 
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length,  but  jis  this  decrcasea  with  increase  of  body-length,  the  observed 
decrease  in  skull-breadth  relative  to  skuU-length  must  be  all  the  greater 
when  considered  relative  to  the  body-length.  If  the  grou|>8  of  mature 
specimens  alone  be  considered,  it  is  seen  that  the  probability  of  the 
ob5)erved  decrease  being  real  is  much  less  than  it  was  in  the  case  of  the 
skull-length.  In  the  first  two  cases — those  from  the  southerly  North 
Sea — the  probability  is  about  19  to  1  in  the  first  case  and  about  4  to  1 
in  the  second  in  favour  of  the  decrease.  In  the  third  case — the  group  of 
male  specimens  from  Aberdeen — the  probability  is  again  about  4  to  1. 
The  amounU  of  this  decrease  for  the  mature  specimens  are  respectively 
•73,  '42,  and  'GO  in  the  three  cases,  which  gives  '58  of  a  decrease  on  the 
average.  If  this  amount  of  decrease,  which  is  relative  to  skull-length,  be 
added  to  the  decrease  of  skull-length  relative  to  the  body-length,  '75 
per  cent.,  and  divided  by  2  as  before,  then  we  find  that  an  approximate 
decrease  of  '66  per  cent,  takes  place  in  the  skull-breadth  relative  to  the 
body-len<<th  as  the  total  length  of  the  fiab  increases  by  100mm. 

If  the  total  length  of  the  fish,  including  tail  and  skull-length,  had  been 
used  as  the  standard  and  not  the  body-length,  this  i*esult,  along  with  that 
showing  the  relative  decrease  in  skull-lengtli,  would  then  perhaps  have 
been  easier  to  grasp.  A  short  and  simple  calculation  from  the  values 
given  will  show  approximately  this  decrease  relative  to  the  total  length  of 
the  fish.  The  length  of  the  tail  relative  to  the  body  length  has  been 
shown  to  be  constant  during  growth,  and  practically  3O^/ft0.  The 
relative  length  of  the  skull  at  300mm.  is — for  the  southerly  North  Sea 
specimen — practically  25 '7j,,v  Hence,  since  the  body-length  has  been 
taken  as  100,  the  total  length  of  the  fish  is  155.  This  gives  the  skull- 
length  as  16  ry^o  of  Ihe  total  length  of  the  fish  at  300mm.  At 
400mm.,  again,  the  relative  tail-length  has  not  altered,  but  the  relative 
skull-length,  for  the  same  groups,  has  become  approximately  24^/^^o. 
Hence,  the  total  length  of  the  fish  is  now  represented  by  154,  and  the 
skull-length  relative  to  this  is  15"6'7oo-  The  decrease  in  skull-length, 
therefore,  is  *5^/oy  where  the  increase  of  total  length  is  100mm.,  or,  in 
other  words,  at  400mm.  the  skull  is  2mm.,  on  an  average,  shorter  than 
it  would  have  been  if  there  had  been  no  growth-variability.  If  a  similar 
calculation  is  gone  through  for  the  skull-breadth,  it  is  seen  that  '45^/0  0 
of  a  decrease  occurs,  and  hence  that  the  skull-breadth  is  narrower  at 
400mm.  by  I'Smm.  than  it  would  have  been  if  there  had  been  no  growth- 
variability. 

To  return  again  to  the  Table,  a  comparison  may  be  drawn  between  the 
immature  and  mature  specimens  at  the  same  size.  It  will  be  remarked 
that  there  is  a  decrease  in  each  case,  but  the  probability  that  this  observed 
decrease  is  real  is  only  4  to  1.  The  amount  of  the  decrease  is,  on  the 
average,  -42 ^/oo-  As  wps  remarked  in  the  case  of  the  former  dimen- 
sions, maturity,  or  the  ripening  of  the  reproductive  organs,  seems  to  have 
little  effect  during  the  first  period  on  the  structures  observed.  It  might 
have  been  thought  that  the  maturity  of  the  reproductive  organs  would 
lead  to  the  withdrawal  of  nourishment  from  other  parts.  This  is  pro- 
bably the  case,  but  from  what  has  just  been  shown  its  effect  seems  to  be 
less  during  the  first  than  during  the  second  period.  The  difTerence 
between  the  immature  specimens  with  average  at  300mm.  and  the 
mature  specimens  with  average  at  400ram.  is,  on  the  average,  TOO^/qq, 
whilst  between  the  former  and  the  mature  specimens  of  the  same  size  it 

is  only -420/0  0. 

Further  remarks  on  the  relation  of  "maturity"  to  "growth-varia- 
bility" will  be  made  at  the  end  of  next  section. 

Skull-depth. — ThivS  dimension  was  measured  from  the  commencement 
of  the  supraoccipital  spine  to  the  middle  of  the  base  of  the  basioccipital 
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legion  of  the  skull.  This  dimension  is  not  always  satisfactory,  because  the 
supraoccipital  spine  is  liable  to  injury.  The  second  point  on  the  base  of 
the  skull  is  fairly  well-defined  by  the  markings  on  the  parasphenoid  bone, 
which  are  left  when  the  pharyngeal  teeth  are  removed.  These  are 
attached  to  the  expanded  part  of  the  parasphenoid  under  the  basioccipital 
by  strong  ligaments,  and  when  the  latter  are  taken  away  a  rough  patch 
on  the  parasphenoid  forms  a  good  end-point.  The  line  joining  this  to  the 
commencement  of  the  supraoccipital 'spine  passes  at  right  angles  to  the 
longitudinal  axis  of  the  skull. 

Table  XV.,  p.  234,  shows  that  this  dimension  does  not  alter  either  with 
maturity  or  with  growth.  The  averages  remain  practically  stationary 
throughout,  and  the  slight  differences  there  indicate  neither  increase 
nor  decrease.  The  depth  of  the  skull,  therefore,  grows  at  the  same  rate 
throughout  relative  to  the  skull  length,  but  the  latter,  as  has  been  shown, 
decreases  relative  to  the  body-length  by  '75 '^/oo,  when  the  total  length  of 
the  body  increases  by  1 00mm.  Hence,  relative  to  the  body-length  the 
depth  of  the  skull  decreases  by  '26^/0  0  approximately. 

It  has  been  shown,  therefore,  that  for  the  three  dimensions  of  the  skull 
whose  variability  is  recorded  here  a  decrease  in  the  rate  of  growth  takes 
place  relative  to  the  body-length  between  300  and  400mm.  If  the  rates 
of  decrease  of  the  three  dimensions  considered  be  taken  relative  to  the 
total  length  of  the  fish,  the  amounts  become  *5,  '45,  and  'IS^/qq  for  an 
increase  in  total  length  of  100mm.  The  rates  of  decrease,  therefore,  for  1mm. 

50      45      18 

of  increase  of  total  length   are   y^,  -j^^,  and  -^  or  

lOS  lOS  10*. 
If  the  skull  were  a  regular  six-sided  figure,  with  length,  breadth,  and 
depth  corresponding  to  the  actual  dimensions  of  the  skull,  this  would 
mean— neglecting  the  products  of  the  above  fractions — that  a  relative 

113 

decrease  in  volume  of or  about  1  ^/q  q,  took  place.     For  such  a  box  this 

10*. 
relative  decrease  would  be  very  small,  but  in  the  case  of  a  skull  whose 
volume  is  only  a  fraction  of  that  of  the  box  the  relative  decrease  is 
considerable.  It  is  not  simply  the  volume  that  is  affected,  but  the  weight 
or  mass  also,  and  this  must  be  of  some  moment.  As  already  mentioned 
in  connection  with  the  relative  decrease  in  skull-length,  the  reason  of  the 
decrease  in  the  skull  probably  lies  in  the  necessity  for  a  certain  constant 
balance  between  the  weights  of  head  and  body  always  being  preserved. 
On  account  of  the  greater  mass  of  the  skull  relative  to  the  mass  of  the 
body,  if  the  dimensions  of  the  head  and  body  increased  uniformly 
together,  the  head  would  become  relatively  much  heavier  than  the  body. 
ThLs  would  disturb  the  balance  and  form  of  the  animal — the  qualities 
most  fixed  in  the  species,  if  anything  can  be  regarded  as  fixed.  In  the 
section  on  sex-variability  it  has  been  shown  that  the  weight  of  the  skull 
is  probably  greater  in  the  females  than  in  the  males,  and  this  was 
also  explained  by  the  necessity  of  preserving  the  balance  between  head  and 
body.  In  the  herring,  again,  Heincke  has  shown  that  the  relative  posi- 
tions of  the  fins,  as  well  as  the  length  of  the  bases  of  the  fins,  vary  during 
growth,  and  he  has  correlated  these  changes  with  the  movementis  of  the 
animal,  and  consequently  with  the  interbalancing  of  the  separate 
stmctores  and  organs. 

If  we  take  up  now  the  question  of  maturity,  or  the  ripening  of  the 
reproductive  organs,  in  the  light  of  this  conception  of  the  balancing  of 
organs,  we  see  that  we  have  at  one  and  the  same  time  a  physiological 
cause  of  the  changes  in  the  relative  positions  and  sizes  of  organs  during 
growth,  and,  on  the  other  hand,  a  reason  for  the  changes.  It  has  been 
o 
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ahown  that  the  maturing  of  the  reproductive  organs  hardly  affects  the 
relative  proportions  of  structures  during  the  first  year,  hut  that  later — if 
400mm.  be  considered  for  the  time  being  as  the  average-size  of  a  group  in 
the  second  or  later  years  of  maturity — its  effect  is  more  clearly  marked. 
Hence,  the  withdrawal  of  a  portion  of  their  ordinary  nourishment  from 
other  parts  of  the  body  for  the  sake  of  the  reproductive  organs  is  the 
direct  physiological  cause  of  the  relative  decrease  in  size  of  those  parts. 
And,  on  the  other  hand,  we  see  that  this  relative  decrease  has  a  place  in 
the  general  fitness  of  things,  because  the  balance  of  the  organism  is 
thereby  preserved. 

III.  Race-variability, — After  what  has  been  said  at  the  beginning  of 
the  section  on  growth-variability,  little  further  mention  need  be  made  of 
the  relationship  of  racial  to  the  other  forms  of  variability.  It  has  been 
shown  that  race-variability  differs  only  in  degree  from  the  variability  that 
is  present  in  a  single  group,  and  that  the  relationship  between  them  may 
be  pictured  by  the  aid  of  curves.  If  the  variations  of  a  large  number  of 
specimens  be  plotted  out  in  the  form  of  a  curve — the  course  of  the  curve 
representing  the  "frequencies''  accompanying  each  "variant,''  the 
"  variants "  being  marked  off*  along  an  axis  (abecissal  axis) — then  three 
eventualities  may  arise.  The  curve  may  be  quite  continuous  and  have 
only  one  maximal  frequency  (unimaximal  curve),  or,  again,  continuous  but 
with  two  or  more  maximal  frequencies  {muUimaximal  curve).  This  latter 
form — if  a  certain  distance,  undefined  by  the  author,  lie  between  the 
maxima — has  been  taken  to  represent  "discontinuous  variation"  by 
Bateson,*but  it  is  clear  that  the  word  "discontinuous"  is  here  misused. 
The  different  forms  of  variability  give  rise  to  ranges  of  variation,  which 
grade  into  one  another  just  as  those  of  the  external  conditions  in  the 
environment  are  supposed  to  do,  and  the  continuity  of  the  curve  repre- 
sents this  continuous  gradation.  "Discontinuous  variation"  is  present 
when  the  two  curves — t.e.,  the  two  ranges  of  variation — do  not  overlap  at 
all.  Such  would  arise  when  the  variabilities  of  two  widely-separated 
species — e.g,,  plaice  and  herring — were  compared. 

To  return  to  the  consideration  of  the  multiniaximal  continuous  curve, 
this  may  arise  in  the  observed  variations  of  a  character  of  a  group  of 
specimens  in  four  different  ways.  Firstly,  through  sez-variahUity.  It 
has  been  shown  in  the  section  dealing  with  that  subject  how  a  group  of 
specimens,  alike  as  regards  age  and  region  from  which  they  came,  may 
show  two  distinct  averages  for  the  variations  of  a  character  by  reason  of 
a  difference  between  the  sexes.  If  the  sexes  be  taken  together,  therefore, 
and  the  frequencies  of  the  variants  plotted  alon<;  a  curve,  this  curve  may 
present  two  maxima.  Hence,  when  two  did'erent  grou{>s  are  to  be 
composed,  it  is  necessary  either  to  compare  similar  sexes  only,  or  to 
calculate,  according  to  Galton's  method,  a  sex-factor  for  each  group  so  as 
to  eliminate  the  difference  between  the  sexes. 

When  sex-variability  has  been  eliminated  a  multimaximal  curve  may 
arise,  secondly,  through  growth-varidbUity,  This  appears  in  the  changes 
of  the  relative  proportions  of  parts  and  organs  during  growth  and  maturity. 
When  two  groups  of  specimens  otherwise  alike,  but  one  about  300mm.  in 
length  on  the  average,  the  other  about  400mm.,  are  compared,  it  has  been 
shown  that  the  averages  of  the  variations  in  certain  charactei*s  are  not  the 
same,  and  we  may  thus  have  a  multimaximal  curve  when  these  variations 
are  arranged  in  this  form.  Hence,  if  two  groups  of  specimens  are 
examined  for  racial  differences,  it  is  necessary  either  to  compare  the 
specimens  of  the  same  size  in  the  two  groups,  or,  as  above,  to  calculate 
the  growth-correction  or  factor  so  as  to  bring  all  the  specimens  to  the  same 
size. 

*  Bateson,  W. :  "Material  for  the  Study  of  Variation,"  Introduction ;  1894. 
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When  these  two  forms  of  variability  have  been  eliminated  a  multi- 
maximal  curve  may  still  arise  from  two  causes — variability  in  time  or  age 
and  variability  in  space.  Both  of  these  are  included  under  the  term  race- 
variability ,  and  it  has  already  been  shown  that  the  difference  between 
them  and  the  latter  is  in  each  case  only  a  matter  of  degree.  Age  or  time- 
variability  arises  from  the  prolonged  spawning  period  of  a  fish.  An 
individual  born  at  the  beginning  of  this  period  cannot  be  exactly  the  same 
as  an  individual  born  at  the  end  of  the  period.  This  is  probably  the  chief 
cause  of  the  range  of  variations  in  a  character.  If  the  spawning  period 
has  only  one  maximum,  as  is  believed  to  be  the  case  for  each  group  of 
plaice,  then  it  is  improbable  that  a  multimaximal  curve  of  variations  will 
arise  from  this  cause.  In  the  case  of  the  herring,  however,  Heincke  has 
shown  that  a  large  group  of  individuals  inhabiting  the  same,  or  nearly  the 
same,  region  may  be  divided  up  into  two  separate  groups  on  account  of 
this  age-variability.  Although  connected  by  intermediate  stages,  there 
are,  for  example,  two  maximal  spawning- periods  for  the  herring  of  the 
east  coast  of  Scotland,  and  in  correspondence  with  this  it  is  found  that 
the  averages  of  the  variations  in  certain  characters  of  these  two  groups 
are  distinct  from  one  another,  although  the  ranges  of  variations  overlap. 
Hence,  we  see  how  age- variability  grades  into  race-variability  and  how  a 
unimaximal  may  become  a  multimaximal  curve.  The  degree  at  which 
the  one  passes  into  the  other  can  be  determined  from  the  inspection  of 
characters  only  by  the  method  of  probability  already  illustrated. 

Again,  multimaximal  curves  of  variation  and  race-distinctions  may  arise 
from  differences  in  geographical  distribution,  or  space-variability.  Indi- 
viduals born  at  the  same  time  but  in  different  regions  will  differ  more  in 
their  characters  from  those  born  at  the  same  time  and  in  the  same  region, 
and  the  wider  apart  the  regions  are  the  more  likely  are  they  to  give  rise 
to  race-differences.  The  latter,  therefore,  arise  from  the  former  by 
differences  of  degree  only. 

It  is  this  latter  form  of  variability  that  has  been  found  in  the  plaice,  so 
far  as  observation  has  gone.  It  should  be  remembered,  however,  that 
race-variability  does  not  necessarily  arise  from  the  time  and  space 
differences.  Accompanying  these  must  be  other  factors  whose  exact 
importance  in  any  one  case  is  not  yet  known.  It  is  not  difficult  to  see 
that  the  environmental  conditions  must  differ  just  as  much  as  the 
characters  before  race-differences  can  be  said  to  be  present,  but  this  is  not 
all.  The  characters  of  one  generation  in  one  local  form  may  differ  from 
those  of  the  same  generation  in  another  local  form ;  yet  if  these  differences 
do  not  remain  from  generation  to  generation  we  are  hardly  justified  in 
talking  about  "races." 

Avoiding  the  question  of  heredity,  this  problem  may  be  stated  in 
another  way.  We  may  believe,  in  opposition  to  Bateson  (Z.c),  that  the 
environmental  conditions  may  be  discontinuous  as  the  "  species  "  may  be 
continuous — in  the  sense  that  he  uses  these  words — because  the  environ- 
mental conditions  of  the  whole  life-cycle  of  the  species  must  be  considered, 
and  yet  the  question  will  still  arise,  how  do  the  "  species  "  or  "  races  " 
remain  distinct  and  separate?  Are  the  races  "  isolated  "  from  one  another 
either  in  time  or  space  or  physiologically  by  definite  banders  ?  Most 
biologists  who  have  written  on  the  subject  of  isolation  within  recent 
years  have  considered  that  some  such  barriers  were  necessary,  and  Darwin 
himself,  in  the  later  editions  of  the  "  Origin  of  Species,''  after  the  effects 
of  inter-crossing  were  pointed  out  to  him,  was  inclined  to  agree  with  these 
views.  Yet  his  original  conception  seems  most  suited  to  what  we  find 
amongst  fishes  at  any  rate.  On  a  widely  extended  area,  such  as  that 
occupied  by  the  herring  or  plaice  as  species,  for  example,  there  need  be  no 
definite  geographical  or  other  barriers,  and  yet  we  can  conceive  how 
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distinct  races  and  thence  species  might  arise.  The  individuals  at  the 
extreme  ends  of  such  an  area  may  and  do  differ  greatly  from  one 
another — in  some  characters  as  much  as  two  separate  ''  species  "  do — and 
there  may  be  all  intermediate  stages.  On  such  an  area  the  individuals 
would  probably  aggregate  into  groups,  and  inter-crossing  would  be  rare, 
except  between  contiguous  groups.  The  older  notions  of  extensive 
migrations  amongst  fishes  are  not  now  maintained,  and  hence  races  would 
spring  up  simply  because  the  various  groups  always  remained  in  nearly 
the  same  region,  or  because  the  spawning-period  became  extended  over  a 
great  part  of  the  year,  and  broke  up  into  two  or  more  maximal  periods. 
It  is  evident  that,  so  far  as  the  environment  is  concerned,  different  races 
and  even  species  might  arise,  because  the  external  conditions  would  not 
be  the  same  in  the  different  regions  or  periods,  and,  again,  if  the  external 
conditions  in  any  one  region  remained  always  about  the  same  average  so 
would  the  group  inhabiting  that  region. 

On  the  other  hand,  it  might  be  held  that  since  there  are  no  real  and 
definite  barriers  in  the  sea  the  individuals  of  one  group  might  pass  by 
some  means  or  another  into  a  neighbouring  region  at  an  early  stage  and 
there  assume  the  characters  of  the  *'  race  "  of  that  region.  This  conception 
has  been  put  forward  by  Petersen  in  order  to  explain  the  differences  in 
the  characters  of  the  Baltic  and  Kattegat  plaice.  These  differences,  as 
will  be  shown,  are  considerable,  but  even  if  this  interchange  does  really 
take  place  we  should  only  have  another  example  of  the  great  variability  of 
the  organism,  which  would  not  refute  the  evidence  for  "  races  "  in  other 
regions. 

The  matter  is  still  very  obscure,  however,  and  more  facts  are  wanted. 
There  has  been  a  tendency — more  especially  in  England* — to  found 
"  races  "  upon  little  or  no  evidence,  and  without  in  any  way  showing  what 
was  meant  by  "  races."  A  few  characters  were  taken,  a  little  difference  was 
found,  and  "  races  "  were  discovered  ! 

In  the  following  pages  it  will  be  shown  how,  after  the  elimination  of 
the  differences  due  to  sex-  and  growth-variability,  a  difference  determined 
by  probability  as  before,  remains  between  certain  groups  which  seems 
due  to  race- variability  as  above  defined.  Whether  such  differences  persist 
from  generation  to  generation  it  is  of  course  impossible  to  tell  from  the 
present  facts,  but  other  evidence  will  be  shown  which  inclines  one  to 
believe  that  such  is  really  the  case. 

The  four  groups  of  specimens  from  the  southerly  North  Sea — t.e.,  from 
Heligoland,  Helder,  Lowestoft,  and  Grimsby — are  all  taken  together  as 
one.  No  satisfactory  reasons  could  be  found  for  regarding  them  as 
separate.  The  evidence  for  this  will  be  given  in  a  later  paper.  Of 
course,  there  may  be  two  or  more  definite  groups  or  races  in  this  region  ; 
it  is  only  that  the  evidence  is  insuificient  to  justify  the  declaration  of 
such.  These  four  groups,  considered  as  one,  are  compared  with  the 
specimens  from  Aberdeen,  the  Solway  Firth,  the  Baltic,  and  a  few  from 
the  Kattegat. 

Vertebrce. — In  the  two  following  Tables  the  averages  and  their  fluctua- 
tions are  given  for  all  the  regions  separately,  except  the  Kattegat.  In  the 
first  Table  the  total  number  of  vertebrae  is  considered ;  in  the  second,  the 
abdominal  and  caudal.  That  these  two  do  not  vary  together  can  be  seen 
at  once  from  the  figures  for  the  Baltic.  Whilst  the  average  for  the 
abdominal  vertebrsB  in  the  Baltic  specimens  is  as  high  as  in  those  from 
Aberdeen,  yet  the  average  for  the  caudal  vertebrae  is  considerably  lower. 
Indeed,  the  abdominal  vertebrae  differ  little  in  the  whole  region  concerned, 

*  Vide  Canningham,  T.  C. :  ^'  On  the  Peculiarities  of  Plaice  from  different  Fishing 
Grounds,'  Jour.  Mar.  Biol,  Ass.,  Vol.  IV.,  1895-97,  p.  316  Garstang,  W.:  "The  Varia- 
tioiw,  Kaoea,  and  Migrations  of  the  Mackerel,"  Jour.  Mar.  Biol,  ^m.,  1898. 
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the  lowest  average  in  the  Solway  Firth  specimens  being  only  '06  less  than 
the  highest  in  the  Aberdeen  and  Baltic  specimens.  This  means  that  the 
size  of  the  abdominal  cavity  is  probably  the  same  in  all. 

The  case  is  different  with  the  caudal  vertebrae,  and  these  may  be  con- 
sidered before  proceeding  to  the  total  number  of  vertebrae.  The  Table 
shows  that  the  averages  of  the  candal  vertebrae  for  the  whole  of  the  North 
Sea  differ  very  little  between  themselves,  the  lowest,  in  the  Helder 
specimens,  being  only  *125  less  than  the  highest  in  the  Heligoland 
specimens.  The  fluctuations  of  the  averages,  again,  greatly  overlap  in 
these,  and  the  only  conclusion  is  that  they  are  all  identical  in  regard  to 
this  character.  The  specimens  from  the  Solway  Firth  also  have  an 
average  but  little  smaller  than  those  from  the  North  Sea,  and  the  fluctua- 
tions of  the  averages  overlap  as  before.  On  the  other  hand,  the  specimens 
from  the  Baltic  differ  greatly  from  the  above.  The  average  differs  from 
the  lowest  of  the  others  by  *48,  and  the  fluctuations  barely  overlap.  If 
it  be  considered  that  the  number  of  specimens  from  the  Baltic  is  com- 
paratively small,  and  that  this  has  the  effect  of  increasing  the  size  of  the 
fluctuations,  it  may  be  admitted  that  a  similar  number  of  specimens  from 
the  Baltic,  as  from  the  other  regions,  would  have  reduced  the  fluctuations 
of  the  average  so  much  that  they  would  not  overlap  those  of  the  other 
regions. 

If  we  turn  to  the  total  number  of  vertebrae  the  same  conclusions  are 
forced  upon  us.  The  average  foi  the  whole  North  Sea  is  practically 
43*00,  and  very  little  difference  exists  between  the  different  regions. 
Helder  has  the  lowest  value,  its  average  being  *1  less  than  those  of  the 
others.  The  standard  deviation  is,  however,  the  greatest  here,  and  this 
causes  a  bigger  fluctuation  of  the  average.  Whether,  if  a  much 
larger  number  of  sp>ecimens  from  Helder  was  examined,  this  difference  in 
the  averages  would  remain  constant,  and  thus  tend  to  show  that  the  plaice 
from  Holder  were  really  a  distinct  group  from  those  of  the  other  regions, 
it  is  difficult  to  say.  There  is  a  certain  amount  of  probability,  but  it  ia  at 
present  small. 

Table  VI. — Vertebrce. 

Average,  M. ;  probable  fluctuation,  P.F.  ;  standard  deviation,  o*. 


Region. 

No.  of 
Specimens. 

M. 

P.F. 

<r 

Heligoland,      .... 

341 

48*082 

42-982-48-182 

*56 

Helder, 

200 

42-90 

42-74  —48*06 

•676 

Lowestoft,       .... 

170 

48-05 

42-91  —48*19 

•54 

Grimsby,          .... 

120 

48-02 

42-84  —48*20 

*59 

Total,  Southerly  North  Sea,    . 

881 

48-002 

•  •• 

... 

Aberdeen,       .... 

254 

42-996 

42*882-48*110 

•54 

Solway  Firth,  •        .        •       • 

W 

42*85 

42-71  —42*99 

•62 

Baltic, 

47 

42*42 

41-97  —42*87 

1*02 
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tablb  vn. 

Areragee  for  ftbdominal  (M^)  and  caudal  (M,)  vertebne ;  M,.P.F.,  probable 

fluctuation  of  M,. 


Region. 

No.  of 
Specimens. 

M|. 

M,. 

Jo.  1  •   A  •  '  ■ 

Heligoland,     . 

308 

12-91 

30-12 

29-95  — 80-29 

Holder,    . 

200 

12-91 

29.995 

29-845—80-146 

Lowestoft, 

170 

12-94 

30-106 

29-986-80-276 

Grimsby, 

120 

12-94 

30-07 

29-87  -30-27 

Aberdeen, 

254 

12-96 

30-03 

29-905—80-155 

Solway  Firth, 

197 

12-90 

29-95 

29-81  -30-09 

Baltic,     . 

47 

12-96 

29-47 

29-07  -29-87 

What  has  been  said  concerning  the  specimens  from  Helder  applies 
with  slightly  greater  force  to  those  from  the  Solway  Firth.  The  average 
is  certainly  smaller  than  that  of  the  North  Sea,  and  in  such  an  important 
character  as  the  vertebrae  such  a  difference  has  considerable  importance. 
It  will  be  necessary  to  wait,  however,  until  other  characters  have  been 
examined  before  drawing  definite  conclusions. 

For  the  specimens  from  the  Baltic  there  can  be  little  doubt  of  the 
great  difference  in  the  average.  Although  the  fluctuations  overlap 
with  some  of  the  other  groups,  the  small  number  of  specimens, 
as  well  as  the  large  standard  deviation,  tend  to  show  their 
distinctness  from  the  North  Sea  groups.  If  the  number  of  specimens 
were  increased  with  a  consequent  diminution  of  the  standard  deviation 
the  fluctuations  would  cease  to  overlap.  As  it  is,  the  total  fluctuation  is 
•9,  whilst  the  greatest  in  the  other  groups  is  '36.  Again,  Duncker  {I.e.) 
found  that  the  average  for  the  Baltic  was  42*3,  which,  if  allowance  be 
made  for  the  comparatively  small  number  of  specimens  in  both  cases, 
shows  that  the  average  is  practically  constant.  He  also  gives  the  averages 
for  the  Kattegat  as  430  and  for  Heligoland  as  42*9,  which  shows  that 
these  groups  are  also  fairly  constant. 

It  is  fair  to  conclude,  therefore,  that  the  average  number  of  vertebrae 
remains  the  same  for  the  whole  North  Sea  and  the  Kattegat,  that  the 
Solway  Firth  group  is  perhaps  different  in  this  respect,  and  that  the 
Baltic  group  is  certainly  rliffereiit. 

These  differences  lead  to  the  consideration  of  w  hat  is  known  concerning 
the  changes  in  vertebrse.  Hcincke  shows  that  for  the  herring  there  is  a 
difference  between  the  groups  of  summer-  and  winter-spawners  in  regard 
to  this  character,  the  former  having  a  smaller  number  of  vertebrse  on  the 
average  than  the  latter.  Again,  the  American  writers  have  shown  in 
detail  what  Giinther  and  others  had  previously  remarked,  that  in  each 
of  the  chief  groups  of  flat-fishes  the  numbers  of  vertebrae  decrease  as  we 
pass  from  the  northerly  to  the  southerly  species.  These  remarkable  facts 
would  seem  to  show  that  temperature  has  something  to  do  with  the  num- 
ber of  vertebrae.  In  the  plaice  it  has  been  mentioned  that  there  is  no 
such  extended  spawning-period  in  the  North  Sea  as  there  is  for  the 
herring.  Further,  it  is  probable  that  the  spawning-period  in  the  northerly 
North  Sea  is  at  its  maximum  a  little  later  than  that  of  the  southerly 
North  Sea.     Hence,  the  difference  in  the  temperature  between  these  two 
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regions  at  the  spawning-perioda  may  be  very  small,  and  thus  we  can 
understand  the  uniformity  of  the  average  number  of  vertebrae  over  the 
North  Sea.  And  not  only  the  vertebrae  but  the  fin-rays,  whose  num- 
bers are  correlated  with  those  of  the  vertebrae,  are  uniform  over  the 
whole  North  Sea,  as  will  presently  be  shown. 

The  temperature  is  not  the  only  influence,  however,  that  seems  to 
affect  the  vertebra3.  The  Baltic  herring,  like  the  plaice  of  that  region, 
have  a  smaller  average-number  of  vertebrie  than  the  North  Sea  herring. 
Similarly,  the  herring  from  the  Zuyder  See  resemble  those  of  the  Baltic 
in  this  character,  and  it  has  been  remarked  that  the  plaice  from  this 
region  (Helder)  are  perhaps  distinct  from  the  North  Sea.  The  average 
number  of  vertebrsB  and  fin-rays  in  dorsel  and  anal  fins  is  somewhat 
smaller  than  in  those  of  the  North  Sea  plaice.  The  difference  between 
these  regions  and  the  North  Sea  is  probably  more  one  of  salinity  than  of 
temperature.  On  the  other  hand,  again,  with  the  possible  exception  of 
the  lemon-sole,  the  flounder  is  the  nearest  ally  to  the  plaice  in  North  Sea 
waters  and  has  probably  been  derived  from  it.  The  essential  difference 
between  them  lies  in  the  vertebrae  and  fin-rays,  which  are,  on  the  average, 
less  numerous  in  the  flounder  than  in  the  plaice.  The  young  of  the 
flounder,  as  is  well  known,  *  enter  the  brackish  waters  at  the  stage  when 
the  vertebrae  and  fln-rays  are  forming,  and  proceed  thence  into  the  fresh- 
water streams.  On  the  other  side  we  have  the  lemon-sole,  which  has 
apparently  been  derived  from  the  plaice  also,  and  differs  from  it  mainly 
in  the  greater  number  of  vertebrae  and  fin-rays.  The  young  of  this  form 
are  not  found  with  those  of  the  plaice  and  flounder,  but  seem  to  seek  the 
deeper  waters,  where  the  salinity  is  greater  and  the  temperature  probably 
lower.  The  pole-dab  (P.  cynoglossus)  shows  a  further  advance  in  the 
same  direction. 

It  appears,  therefore,  that  salinity  as  well  as  temperature  has  been  one 
of  the  factors  leading  to  the  differentiation  of  these  races  and  species. 
Another  factor  has  also  to  be  taken  into  account,  but  the  subject  is  too 
large  and  complex  to  be  discussed  here,  and  a  consideration  of  the  facts 
is  postponed  to  a  future  period. 

Fin-rays. — In  the  two  following  Tables,  IX.  and  X.,  are  set  forth  the 
averages  of  all  the  fins,  the  standard-deviations,  and  the  fluctuations  of 
the  averages.  As  the  full  discussion  of  all  that  is  contained  in  these 
Tables,  as  well  as  in  those  of  the  vertebrae,  would  lead  to  the  considera- 
tion of  many  fine  points  interesting  by  themselves  but  not  connected 
with  the  scope  and  object  of  the  present,  paper,  attention  will  be  directed 
only  to  the  general  and  obvious  differences  and  resemblances. 

Considering,  in  the  first  place,  the  dorsal  and  anal  fius^  reference  must 
be  made  to  the  supposed  differences  which  Cunningham  found  in  these 
characters  in  plaice  from  Plymouth  and  the  North  Sea.  As  already 
mentioned,  this  observer  did  not  calculate  the  averages  of  the  observed 
frequencies,  mucli  less  the  probability  of  truth  in  his  results,  but  trusted 
himself  to  general  reasoning.  The  following  Table  gives  the  averages 
for  the  number  of  fin-rays  found  by  Cunningham  in  the  plaice 
for  the  different  regions.  The  males  and  females  are  included  together 
for  the  reasons  stated  in  the  section  on  sex-variability. 

*  Vide  Kyle,  H.  M.,  Sixtunth  Rep,y  Scot,  Fish,  Board,  pp.  225-246. 
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♦Table  VIIL 


Region. 

Plymouth. 

Brown  Ridges. 

Norfolk  Coast. 

N.K  of  Dogger 

No.    of    speci- 
mens   . 

Dorsal  fin 

Anal  fin  . 

86 

72-94 

1 

54-50 

109 
72-98 
54-05 

140 
78028 
54-27 

48 
72-96 
54-44 

It  will  be  seen  that  the  averages  for  the  dorsal  fin  are  practically  indenti- 
cal  in  all — the  greatest  difference  being  *088.  In  the  anal  fin  the 
difference  is  larger,  being  *45  between  Plymouth  and  Brown  Ridgee. 
But  these  two  regions  are  taken  together  by  Cunningham  to  represent  the 
southern  samples,  and  Norfolk  Coast  and  N.E.  of  the  Doggar  Bank  are 
combined  to  represent  a  northern  group.  The  averages  for  these  two 
groups  are  54*16  for  the  southern  group  and  54*31  for  the  northern.  If 
one  could  form  any  conclusion,  therefore,  from  the  small  difference  between 
these  averages  it  would  be  that  the  southern  group  had  a  smaller  average- 
number  of  anal  fin-rays  than  the  northern,  which  is  exactly  the  reverse 
conclusion  to  that  reached  by  Cunningham  by  general  reasoning. 

Turning  to  the  Tables  IX.  and  X.,  it  will  be  seen  that  the  conclusions 
reached  with  regard  to  the  vertebrae  hold  good  also  for  the  dorsal  and 
anal  fin-rays.  The  North  Sea  groups  cannot  very  well  be  separated  from 
one  another,  although  the  group  from  Holder  shows  signs  that  it  may  be 
separate.  The  differences,  however,  are  too  fine,  as  the  fluctuations  of 
the  averages  show,  to  admit  of  a  definite  probability  being  stated  from 
the  characters  as  to  the  actual  existence  of  these  differences.  It  can  only 
be  said  that  the  plaice  from  the  northerly  parts  of  the  North  Sea — i.e., 
Aberdeen — show  a  tendency  to  have  more  fin-rays  than  those  from  the 
southerly  parts.  The  plaice  from  the  Kattegatf  come  under  the  same 
category  as  those  from  Aberdeen. 

The  plaice  from  the  Sol  way  Firth,  again,  show  slightly  smaller  averages 
than  those  from  the  North  Sea,  but  the  differences  are  again  too  small  to 
admit  of  any  great  probability  that  they  would  constantly  be  found  were 
more  specimens  examined.  For  the  Baltic  specimens,  however,  the  case 
is  very  different.  The  fluctuations  of  the  averages  show  no  tendency  to 
overlap,  and  the  probability  that  these  differences  are  really  permanent 
becomes  a  certainty  when  the  figures  given  by  Duncker  are  considered. 
He  found  the  average  for  the  dorsal  fin  to  be  67*6  and  for  the  anal  50*4, 
both  of  which  lie  within  the  fluctuations  of  the  averages  given  here. 

♦  Made  up  from  numbers  given  in  Jour,  Mar,  Biol,  Ass.t  Vol.,  IV.,  1897,  pp.  856-857. 

1 1  am  obliged  to  Dr.  Duncker  of  Hamburg  for  being  able  to  give  these  values  of  the 
Kattegat  and  a  number  of  the  Baltic  plaice  here.  In  his  paper  {l.c)  the  values  were 
given  as  symbols,  but  he  has  very  kindly  permitted  me  to  bring  them  into  line  with 
the  system  used  in  i^is  paper. 
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Table  X. 
Fluctuation  of  the  Averages  of  the  Fin-ray 8, 


Region. 

1 

Dorsal.               Anal. 

1 

Left  Pectoral. 

Right  PectoraL 

CaudaL 

So.  North  Sea, 

72-03  -72-65 

53.64—54-10 

1074  -10-92 

11-11  -11-29 

19-99—20-09 

Aberdeen,        , 

72-12  —73-26 

53-84—54-72 

10-835—11-125 

11-89  -11-67 

19-98—20-11 

Solway  Firth,  - 

71 -245-72-575 

53-78—54-64 

10-66  -11-02 

11145—11-455 

- 

Baltic, 

66-465—67-995  49-87—50-59 

9-86  —10-60 

10-28  —10-95 

19-45—20-01 

Kattegat, 

71-31  -74-37 

53-92-56-20 

— 

- 

- 

The  number  of  fin-rays  in  the  pectorals  leads  to  the  same  conclusions. 

The  groups  from  the  North  Sea  and  Solway  Firth  cannot  reasonably 
be  separated  from  one  another,  but  the  Baltic  group  is  again  quite 
distinct.  For  neither  of  the  fins  do  the  fluctuations  of  the  averages 
of  the  last  group  overlap  with  those  of  the  other  groups. 

The  ventral  fins  show  very  little  variation,  but  the  left  ventral  fin — t.e., 
that  of  the  under  side — shows  a  greater  tendency  towards  a  reduction  than 
the  right.  There  is  no  difference  in  the  different  groups.  In  the  caudal 
fin,  again,  there  is  more  variation  than  one  would  expect,  and  the  average 
for  the  Baltic  group  is  somewhat  under  that  for  the  North  Sea  groups. 
The  fluctuations  of  the  averages  show  also  that  the  probability  is  almost 
1000  to  1  in  favour  of  the  difference  being  real. 

Considering  the  flu-rays  as  a  whole,  therefore,  it  is  clear  that  the  only 
distinct  difference  that  is  demonstrably  permanent  lies  between  the 
Baltic  plaice  and  the  plaice  from  the  North  Sea;  the  plaice  of  the  latter 
region  cannot  be  separated  into  races  by  these  characters,  nor  can  they  be 
separated  from  the  Solway  Firth  group. 

In  comparison  with  the  flounder,  the  plaice  possesses  a  greater 
variability  in  regard  to  its  fin-rays.  According  to  Duncker*,  the  standard 
deviation  ("  index  of  variability  "\  is  for  the  dorsal  fin  in  the  flounder 
between  2-3118  and  2-4445;  in  the  plaice  it  is  2-63.  Similarly  for  the 
anal  fin ;  but  the  pectorals  possess  an  equal  variability  in  both.  This 
large  variability  in  the  dorsal  and  anal  fins  shows  how  precarious  any 
attempt  to  found  *'  races  *'  on  the  numbers  of  tin-rays  must  be.  Even 
though  the  averages  of  two  groups  differed  by  one  finray  the  large 
possibility  of  variation  would  show  itself  in  the  overlapping  fluctuations 
of  the  averages.  There  requires  to  be  a  difference  of  almost  2  in  the 
averages  of  a  large  number  of  specimens  of  both  groups  before  conclusions 
can  be  safely  drawn.  Further,  this  great  variability  probably  means  that 
these  characters  are  very  sensitive  to  slight  changes  in  the  environment 
when  in  process  of  formation,  and  if  the  average  of  these  changes  is  not 
the  same  from  year  to  year,  the  average  number  of  fin-rays  will  likewise 
vary.  This  has  been  already  referred  to  in  the  section  on  growth- 
variability,  and  it  probably  accounts  for  the  slight  difference  in  the 
averages  given  for  the  dorsal  and  anal  fin  by  Duncker,  Cunningham,  and 
myself. 

Those  who  are  sceptical  as  to  the  existence  of  "races"  and  the 
possibility  of  detecting  them  may  perhaps  think  that  this  probable 
change  from  year  to  year  woidd  explain  the  differences  observed  in  other 
characters,  and  would  thence  destroy  the  validity  of  any  conclusionB 

*J(mr.  Mar,  Biol.  Ass.,  Vol.  V.,  1898,  p.  173. 
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This  is  not,  however,  the  case,  and  the  example  given  tends  rather  to 
confirm  our  faith  in  the  method  than  to  destroy  it.  By  means  of  the 
method  we  are  ahle  at  once  to  see  where  conclusions  cannot  be  drawn, 
and  to  give  good  reasons  for  not  doing  so.  In  the  other  characters, 
however,  where  the  variability  is  not  so  great,  there  will  not  be  such 
changes  in  the  averages  from  year  to  year.  Again,  the  fluctuations  of  the 
averages,  which  are  calculated  from  the  index  of  variability,  leave  room 
for  the  possible  change  in  the  average. 

This  objection  which  mighty  be  raised  simply  lays  stress  on  the 
necessity  of  comparing,  first  of  all,  the  individuals  of  the  same  generation — 
i.6.,  of  eliminating  the  growth- variability,  and  then  of  comparing 
successive  generations  in  order  to  see  if  the  differences  are  permanent — 
before  stating  definitely  that  groups  or  races  exist. 

Body-height — It  ha«  been  shown  that  no  sex-  or  growth-variability  can 
be  ascribed  to  this  character,  and  the  specimens  from  the  southerly  North 
Sea  might  all  be  grouped  together  and  similarly  all  those  from  the 
northerly  North  Sea.  In  Table  XL,  however,  the  sexes  and  the  different 
sizes  are  retained  separate,  because  what  applies  to  any  one  set  is  applic- 
able to  the  other.  • 

Cunningham  stated  that  the  body-height  was  distinctly  greater  in  the 
northern  samples  than  in  the  southern,  and  the  adjoined  Table  shows 
that  such  is  really  the  case.  AVTiichever  groups  we  compare,  male  or 
female,  mature  or  immature,  we  find  the  same  conclusion.  The  average 
of  the  differences  between  five  groups  is  3'91®/^,q,  and  between  none  of 
the  groups  do  the  fluctuations  of  the  averages  overlap.  The  average 
body-height  for  the  southerly  North  Sea  is  a  little  over  61  ^/qq  of  the 
body-length,  whilst  that  of  the  northerly  North  Sea  is  a  little  over  65 ^/qq 
of  the  same  length.  Reducing  the  observed  diflference  between  the  two 
groups  to  the  percentage  of  the  total  length  of  the  fish,  we  find  that  the 
northerly  North  Sea  specimens  are  higher  (or  broader)  by  2'6®/oo  than  the 
southerly  North  Sea  specimens.  This  means  that  a  plaice  from  the 
former  region  at  300mm.  is  gi*eater  by  7 '8mm.,  or  more  than  a  third  of 
an  inch,  than  one  from  the  latter  region  of  the  same  size,  and  a  plaice  at 
400mm.  greater  by  10 '4mm.,  or  nearly  half  an  inch. 

The  average  body-height  of  a  small  number  of  specimens  from  the 
Baltic  is  included  in  the  Table  for  the  sake  of  a  comparison.  Although 
there  is  no  great  certainty  in  the  conclusion,  the  body-height  of  these  is 
less  than  that  of  the  northerly  North  Sea  specimens,  and  approaches  more 
nearly  the  average  body-height  for  the  southerly  North  Sea.  This  con- 
clusion was  also  arrived  at  by  Duncker.  He  found  that  the  specimens 
from  Heligoland  were  slightly  smaller  than  those  from  the  Baltic  in  this 
respect,  and  the  latter,  again,  were  considerably  smaller  than  those  from 
the  Kattegat.  And  his  conclusions,  although  he  did  not  make  allowances 
for  growth-variability,  are  perfectly  valid,  because,  as  has  been  shown 
here,  there  is  no  alteration  in  this  character  during  growth. 
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Table  XI. 


Height  of  Body  in  Percentage  of  Body-length 


Region. 

Sex. 

Imnuttnre  (25&-360inm. )     Hatun  (260-860min. ) 

1 

1 

Mature  (350— mm.) 

No. 

146 

48 

61 
65 

M. 

P.F. 

No. 

61 
115 

51 
30 

M. 

P.F. 

No. 

M. 

P.F. 

So.  North  Sea  . 

6 
6 

61-46 
60-75 

60-71-62-21 
59-40-6210 

61-42 
60-76 

60-52-62-82 
59-91-61-61 

84 
76 

28 
36 

1  " 

62-00 
61-42 

61 -15-62-85 
60-47-62-87 

Aberdeen    .    . 

65-64 
65-48 

64-44-66-84 
64-28-66-68 

64-77 

68-37-66-17 

66-18 
63-90 

65-48-^-88 
62-50-64-80 

Baltic     .     .    . 

- 

— 

• 
62-27 

- 

— 

There  seems  to  be  no  other  conclusion  but  that  this  difference  arises 
from  the  presence  of  distinct  races  in  the  North  Sea.  Age-,  maturity-, 
sex-  aad  growth-differences  are  all  excluded,  and  a  probability,  which 
amounts  to  a  certainty,  declares  that  the  observed  differences  represent 
real  differences  in  nature.  We  should  expect,  however,  that  this 
character  would  not  be  the  only  one  to  differ,  because  this  difference  in 
height  means  a  difference  in  mass,  and  such  a  difference  must  be 
correlated  with  other  differences  in  structure  if  the  notion  of  the  balance 
of  organs  already  stated  is  correct  It  will  be  shown  later  whether  this  is 
the  case  or  not. 

Tail. — It  will  be  seen  from  the  accompanying  Table  that  the  length  of 
tail  relative  to  body-length  is  practically  identical  in  both  the  northerly 
and  southerly  North  Sea  specimens.  Relative  to  the  body-length,  there- 
fore, there  seems  to  be  no  change  in  this  character  from  any  cause.  The 
Baltic  specimens  seem  a  little  longer  in  this  respect,  although  the  small 
number  of  specimens  renders  this  conclusion  uncertain.  Duncker  did 
not  notice  any  difference,  but  he  expressed  this  dimension  apparently  in 
percentage  of  the  total  length  of  the  fish,  and  such  fine  differences  would 
not  be  shown  as  when  the  dimensions  were  taken  to  the  length  of  body 
only.  An  examination  of  more  specimens  from  the  Baltic  would  there- 
fore require  to  be  made. 


[Tabui. 
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Table  XII. 

Length  of  Taii  in  Percentage  of  Body-length. 


Average  for  North  Seik,  2977. 

SkuU'Ungth. — It  has  been  shown  that  tkie  character  poMesaea  both 
sei-  and  groirth- variability,  but  more  especially  the  latter.  It  is  there- 
fore necessary  to  compare  groups  of  the  same  sex  and  size,  and  this  can 
readily  be  done  from  the  Table  adjoining. 

Considering  first  the  immature  specimens,  the  Table  shows  that  both 
for  males  and  females  there  is  a  considerable  difference  between  the 
southerly  and  the  northerly  Xorth  Sea.  The  latter  have  a  shorter  skull- 
leni^h  than  the  former.  The  average  difference  is  TSSS^/oo  of  the 
body-length.  The  fluctuations  of  the  averages,  further,  do  not  overlap  in 
either  case,  so  that  the  probability  of  the  observed  difference  corre- 
sponding to  a  real  difference  in  nature  is  at  least  1000  to  1. 

A  comparison  of  the  male  matnre  specimens  between  250  and  3C0mm. 
leads  to  the  same  conclusion.  The  difference  between  the  two  groups  is, 
however,  not  so  great,  being  '82,  and  the  fluctuations  of  the  averages,  ^ 
although  they  do  not  overlap,  are  not  bo  distinct  from  one  another  na  in 
the  former  cases.  Yet,  from  the  fact  of  the  fluctuations  not  overlapping, 
the  probability  of  the  observed  difference  being  real  is  almost  as  great  ss 
in  the  above  coses.  There  seems  to  be  a  further  reduction  in  the  differ- 
ence between  the  two  groups  in  the  mature  specimens  above  360mm. 
The  averages  of  the  Aberdeen  specimens  are  certainly  smaller  than  those 
of  the  southerly  North  Sea  for  both  sexes,  but  the  average-difference  is 
only  -37,  and  the  fiiictuntions  of  the  averages  overlap  in  both  cases.  In 
the  esse  of  the  femalea,  the  probability  that  the  observed  difference  is 
real  is  19  to  1,  but  in  the  case  of  the  males  it  is  only  1  to  1.  As  partial, 
if  not  the  whole,  cause  of  the  overlapping  of  the  fluctuations  may  be 
considered  the  comparatively  small  number  of  specimens  in  the  Aberdeen 
gronps. 

Bearding  the  groups  as  a  whole,  the  southerly  North  Sea  specimens 
have  a  longer  skull-length  than  those  from  Aberdeen,  the  avera^e^liSer- 
ence  for  all  five  groups  being  '84S,  and  the  probability  is  greatly  in 
favour  of  this  difference  being  real.  For  a  plaice  of  300mm.  this  means 
a  difference  of  l-7mm.  between  the  two  groupe,  and  for  one  of  400mm.  a 
'""        e  of  2'2mm. 
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z 

fCngth  of  L 

Immature  (! 

Table  XIII. 
^Jadl  in  Pei'centage  of  Body-length. 

Regrion. 

1 

Sex  ' 

250-350mra.) 

1 

Mature  (250-350mm.) 

Mature  (350— mm.) 

1 

6 

? 
6 

No.l 

i 

162  i 

1 

19  : 

i 
64  : 

66 

1 

i 

M. 

P.F. 

No. 

63 
117 

51 
80 

M. 

P.F. 

i 

No. 

83 
79 

86 
86 

1   - 
1 

M. 

P.F. 

So.  North  Sea  . 

1 

1 

1 

i 

1 
t 

25-93  = 
25-24 

25-68-26-18 
24-69-25-79 

25-48 
24-62 

1 

25-03-25-93 
24-22-26-02 

24-60 
23-61 

2416-25-05 
28-21-24-01 

Aberdeen     .     . 

24-50 
24-00 

24-05-24-99 
23-60-24-40 

23-80 

23-40-24-20 

2403 
23-44 

23-3S-24-68 
22-89-28-99 

Baltic       .     .     . 

2 

— 

— 

24-83 

23-98-25-68 

- 

- 

Again,  it  is  seen  that  in  this  character  also  the  Baltic  specimens  lie 
between  the  two  other  groups,  but  are  somewhat  nearer  the  southerly 
North  Sea  group  than  that  of  Aberdeen. 

Skull-breadth. — The  following  Table,  XIV.,  shows  that  in  all  the 
groups,  both  immature  and  mature,  a  considerable  difference  exists 
between  the  southerly  North  Sea  specimens  and  those  from  Aberdeen 
with  regard  to  this  dimension  The  average-difference  over  all  the 
groups  amounts  to  1 '84^/00  of  the  skull-length,  the  Aberdeen  being 
larger  than  those  from  the  southerly  North  Sea.  The  fluctuations  of  the 
averages,  again,  do  not  overlap  in  any  of  the  groups,  so  that  the  proba- 
bility amounts  to  a  certainty  in  favour  of  this  difference  observed  being 
real. 

If  this  difference  in  skull-breadth  be  taken  relative  to  the  length  of 
body  instead  of  the  length  of  skull,  it  becomes — taking  skull-length  as 
equal  to  one-fourth  of  the  body-length — '46^/0  0  on  the  average.  Hence, 
independent  of  any  difference  in  the  skull-length,  which  has  been  shown 
to  be  less  in  the  northern  than  in  the  southern  groups,  we  find  that 
there  is  an  increase  in  skull-breadth  in  passing  from  south  to  north.  For 
a  plaice  of  300mm.  this  difference  amounts  to  'Qmm.,  and  for  one  at 
400mm.  to  l*2mm. 

We  may  briefly  contrast  the  diflference  in  skull-length  with  that  in 
skull-breadth.  For  plaice  of  300mm.  the  Aberdeen  group  is  less  by 
l'7mm.  in  the  former  character,  but  greater  by  'Omm.  in  the  latter,  than 
the  southerly  North  Sea  group.  As  they  stand,  however,  these  two 
differences  are  not  comparable.  The  skull-length  is  more  than  twice  the 
skull -breadth,  so  that  any  change  in  the  former  is  of  the  same  relative 
value  as  less  than  half  that  change  in  the  latter.  It  would  therefore 
appear  that  the  one  difference  is  counterbalanced  by  the  other,  or  that 
what  has  been  taken  away  from  the  Aberdeen  group  in  skull-length  is 
exactly  made  up  for  by  an  increase  in  skull-breadth. 

A  further  reference  to  these  correlated  changes  will  be  made  in  dis- 
cussing the  depth  of  skull.  Meanwhile,  it  may  be  remarked  that  the 
Baltic  plaice  group  is  again  intermediate  between  the  two  other  groups, 
but  that  its  average  approaches  more  nearly  to  the  southeily  group  than 
to  the  northerly. 
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Table  XIV. 

Breadth  of  Skttll  in  Percentage  of  SktUUmgtk. 


SkuU-depth.—Aa  in  the  case  of  the  skull-breadth,  the  sex-  and  growth- 
Tariability  of  this  dimension  does  not  aSect  the  conclusions  that  may  be 
drawn  from  the  Tables  as  they  are  arranged.  The  same  sizes  and  the 
same  sezes  may  be  compared  directly. 

It  is  seen  that  in  all  the  groups  the  averages  for  the  southerly  ^ortb 
Sea  are  much  smaller  tlian  those  for  Aberdeen,  The  difference  between 
the  various  groups  is  very  much  the  same  in  all,  vaijing  only  from  1'21 
to  1'55,  and  the  average  amounts  to  l'Z5°/o(i  ^^  ^^^  head-length.  The 
amount  of  probability  for  the  actual  existence  of  these  differences  is  very 
great,  being  1000  to  1  in  the  first  three  groups,  and  but  little  less  than 
that  in  the  last  two  in  spite  of  the  large  fluctuations-  of  the  averages  in 
the  groups  of  mature  apecimeus  from  Aberdeen.  These  large  fluctuations, 
as  already  pointed  out,  come  from  the  relatively  small  number  of  specimens 
in  those  groups. 

When  this  difference  in  the  skull-depth  relative  to  the  skull-length  is 
taken  relative  to  the  body-length  it  becomes  34.  There  is  thus  an 
increase  in  the  skull-depth  of  'Si°/oa  of  the  body-length  as  we  pass  from 
south  to  north.  For  a  plaice  of  300mm,  this  difference  means  an  increase 
of  '68mm.,  and  for  one  ut  400mni.  an  increase  of  -88mm. 

We  may  again  compare  this  increase  of  skull-depth  with  decrease  of 
sknil-length  in  the  northern  plaice.  For  a  plaice  of  300mm.  the  northern 
group  is  greater  by  -SSmm.  in  skull-depth,  but  less  by  l-7mm.  in  ekull- 
length  than  the  southern  group.  Sut  as  they  stand  these  two  proportions 
are  not  directly  comparable.  The  skull-depth  is  on  an  average  about 
38^/oo  of  the  skull-length,  or  a  little  more  than  a  third,  and  hence,  if  ft 
change  of  I'Tmrn.  occurs  in  the  skuU-lengtfa,  the  proportionate  change  in 
the  skull-depth  should  only  be  *64mm. 
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As  in  the  case  of  the  skull-breadth,  therefore,  the  change  in  the  aknll- 
length  is  connterbalaaced  by  the  change  in  skull-depth,  and  the  slight 
difference  that  occurs  ia  in  favour  of  a  relatively  greater  increase  in 
breadth  and  depth  than  in  length. 

Ab  with  the  other  dimeuBiona  which  have  been  considered  previously, 
BO  with  the  skull-depth  it  is  seen  that  the  Baltic  plaice  are  intermediato 
between  the  southerly  and  northerly  groups  of  the  North  Sea,  but 
approaches  more  nearly  the  southerly  group. 

SkuU.—  We  may  now  eDdeavour  to  compare  the  two  North  Sea  groups 
with  regard  to  the  skull  as  a  whole.  It  has  been  shown  that  as  we  pro- 
ceed from  north  to  south  we  meet  with  an  increasing  length  of  skull,  but 
a  decreasing  breadth  and  depth.  The  skull  becomes  more  elongated,  but 
compressed  posteriorly.  It  is,  unfortunately,  impossible  to  say  exactly 
what  alteration  in  mass  and  volume  this  change  in  dimensions  brings 
about,  biit  this  should  not  be  difficult  to  determine  later.  If  we  consider 
the  form  of  the  skull,  however,  how  by  far  the  greater  proportion  of  the 
mass  and  volume  is  concentrated  posteriorly,  and  how  the  elongated  paraa- 
phenoid,  vomer,  and  ethmoid  anteriorly  ahow  but  comparatively  little 
bulk,  it  seema  reasonable  to  conclude  that  the  equal  "  dimensional  "  variB' 
tiun  from  north  to  south  is  not  accompanied  by  an  equal  variation  in  mass 
and  volume.  It  is  more  probable  that  the  latter  diminishes  with  the 
diminution  of  the  breadth  and  depth  of  the  skull  as  we  proceed  from 
north  to  south. 

If  now,  along  with  these  results,  we  consider  the  changes  in  the  skull 
arising  from  growth- variability,  we  find  that  the  two  changes  cannot  be 
confused  with  one  another.  It  has  been  shown  that  the  relative  length 
of  skull  decreases  during  growth,  hence  it  might  be  thought  that  th« 
reason  for  the  northerly  plaice  having  a  lesser  skull-length  than  the 
southerly  was  that  they  were  older,  or  larger.  Even  apart  from  the  fact 
that  the  same  average-sizes,  and  presumably,  therefore,  the  same  average- 
ages  have  been  compared  throughout,  this  reasoning  would  at  once  be 
refuted  on  turning  to  the  changes  in  the  breadth  and  depth  of  skuU. 
These  dimensions,  it  bsiB  been  shown,  also  decrease  with  age,  and  ahould 
on  this  line  of  reasoning  follow  the  change  in  skull-length  and  decrease  aa 
we  go  from  south  to  north.     On  the  contrary,  however,  they  increase. 
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The  cliangi'8  that  have  arisen  from  race- variability,  therefore,  are  just  the 
reverse  of  what  have  occurred  througli  growth- variability. 

The  diflfereiices  that  arise  in  the  skull  from  sex-variability,  again,  have 
been  shown  to  be  very  slight,  and  tend  to  demonstrate  that  the  skull  is 
relatively  a  little  larger  and  heavier  in  the  female  than  in  the  male. 
These  differences,  however,  do  not  in  any  way  affect  the  evidence  for  race- 
variability,  because  the  differences  arising  from  the  latter  cause  appear 
both  in  males  and  females. 

It  appears,  therefore,  that  changes  arise  in  the  skull  from  all  three  forms 
of  variability,  and  it  has  been  sought  to  find  the  reason  for  these  changes 
in  the  inferred  alterations  in  volume  and  mass  or  weight,  and  thence  in 
the  maintenance  of  a  continual  balance  between  the  head  and  body. 
Under  sex- variability  it  has  been  inferred  that  the  greater  mass  and  weight 
of  skull  in  the  female  is  correlated  to  the  greater  mass  and  weight  of  the 
reproductive  organs.  Under  growth- variability  it  has  been  inferred  that 
the  dimensional  relative  decrease  in  the  skull  accompanying  the  relatively 
stationary  condition  of  the  body  means  that  the  mass  and  weight  of  the 
skull  has  remained  throughout  in  exact  proportion  to  the  mass  and  weight 
of  the  body.  Lastly,  under  race-variability,  it  has  been  inferred  that 
although  the  dimensional  changes  from  north  to  south  balance  one 
another,  yet  that  the  mass  and  weight  of  the  head  as  a  whole  in  reality 
decreases.     This  may  be  correlated  with  the  changes  that  occur  in  the  body. 

BofJy, — The  changes  that  occur  in  this  dimension  arise  solely  from  race- 
variability.  Nor  was  it  to  be  expected  that  changes  would  arise  hera 
from  sex  and  growth  variability.  If  any  difference  arose  in  the  body  from 
these  causes  it  would  be  between  the  dorsal  and  ventral  halves  and  not  in 
the  body-height  as  a  whole.  It  may  be  inferred  also  that  the  differences 
lie  not  only  in  the  greatest  body-height,  but  along  the  whole  length  of  the 
body  from  head  to  tail.  Any  great  increase  in  weight,  therefore,  in  the 
region  of  the  body  posterior  to  the  first  caudal  vertebne  would  be  partially 
counterb  ilanced  by  the  greater  weight  of  the  abdominal  region. 

If  we  now  consider  the  body-height  and  skull  together  we  may  conclude 
that  the  changes  in  the  latter  arising  from  sex  and  growth-variability  are 
correlated  with  the  ripening  of  the  reproductive  organs,  but  that  the 
changes  in  it  arising  from  race- variability  are  correlated  mostly  with  the 
changes  in  body-height.  It  has  been  shown  that  the  northerly  plaice  have 
broader  and  deeper  skulls  than  the  southerly,  and  this  is  associated  with  a 
greater  body-height.  In  the  northerly  plaice  the  skull  is  larger  posteriorly 
than  in  the  southerly,  and  this  is  probably  related  to  a  greater  develop- 
ment of  the  opercular  and  pectoral  arches,  and  of  the  muscular  system 
round  the  skull.  And  it  is  probable,  again,  that  this  greater  development 
anteriorly  aids  to  counterbalance  in  mass  and  weight  the  greater  mass  and 
weight  of  the  posterior  caudal  region  in  spite  of  the  lesser  length  of  the 
skull.  If,  therefore,  we  regard  the  balance  of  organs  in  the  northerly  and 
southerly  groups  to  be  still  the  same,  we  may  picture  the  difference  as  one 
of  form.  The  northerly  plaice  are  rounder  fish  than  the  southerly.  The 
body  of  the  plaice  has  very  approximately  the  form  of  an  ellipse,  and  the 
change  that  has  occurred  in  passing  from  north  to  south  shows  itself  in 
the  relative  decrease  of  the  minor  axis  (body-height)  and  relative  increase 
of  the  major  axis  (total  length  of  fish). 

If  we  consider,  as  is  generally  believed,  that  the  plaice  is  descended 
from  a  northerly  sub-arctic  stock,  then  the  change  above  described  has 
pntbably  been  the  change  that  has  actually  occurred.  And  this  alteration 
has  been  the  only  one — no  change,  so  far  as  can  yet  be  detected,  taking 
place  in  the  vertebrae  and  fin-rays.  I'ho  manner  by  which  the  change  has 
actually  occurred  can  only  be  conjectured.  It  may  be  that  the  earlier  or 
younger  condition  has  become  the  older  condition  in  the  southerly  plaice, 
P 
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and  that  the  decrease  in  the  skull  and  hody  is  accompanied  by  a  less  great 
development  of  the  reproductive  organs  than  in  the  northerly  plaice. 

Again,  it  has  to  be  noticed  that  a  similar  alteration  in  form  has  taken 
place  in  the  Baltic  group.  This,  so  far  as  Duncker's  results  and  those 
given  here  allow  us  to  conclude,  is  more  nearly  allied  in  form  and  pro- 
portions to  the  southerly  Xorth  Sea  group.  Yet,  on  the  other  hand, 
accompanying  the  alteration  in  form,  the  Baltic  plaice  also  show  a  groat 
reduction  in  the  number  of  vertebrae  and  fin-rays,  and  this  reduction  is 
probably  associated  with  the  decrease  in  salinity  of  the  waters  in  which 
the  adults  live  and  the  young  develop. 

We  may  turn  now  to  the  evidence  from  other  sources  for 
the  existence  of  groups  or  races  of  plaice  in  the  North  Sea. 
Fulton*,  as  one  of  the  results  of  his  great  work  on  the  migration 
of  fishes  and  the  directions  of  the  currents  in  the  North  Sea, 
has  shown  that  even  for  the  slow-moving  plaice  there  is  a  definite  cycle  of 
changes  on  the  east  coast  of  Scotland.  Beginning  with  the  spawning  of 
the  plaice  off  the  coasts  of  Aberdeenshire  and  Kincardineshire,  he  has 
shown  that  the  eggs  are  drifted  along  by  the  surface  currents*— which  are 
not  simply  superficial — until  the  young  are  found  on  the  southern  shores 
of  Scotland.  There  they  pass  the  early  stages  of  life,  probably  during 
two  and  three  years,  according  to  the  results  of  Dannevig  (2.c.),  and  then 
begin  a  northward  migration  along  the  shores  until  at  the  end  of  their 
third,  or  perhaps  fourth,  year  they  reach  as  far  north  as  where  they  were 
spawned,  and  thence  at  the  period  of  maturity  they  go  out  into  deeper 
waters  to  spawn.  These  facts  show  how  definite  is  the  life-cycle,  and  in 
a  former  papert  it  has  been  shown  how  the  young  immature  plaice  of  St. 
Andrews  Bay  could  be  detected  as  a  portion  of  the  Aberdeen  group  by  an 
inspection  of  their  characters. 

The  facts  displayed  in  this  present  paper,  along  with  this  life-cycle 
demonstrated  by  Fulton,  show  how  the  northern  plaice  of  the  North  Sea 
are  distinct  from  the  southern,  and  show  also  that  the  separation  is  a 
consequence  of  this  life-cycle,  and  requires  no  barriers  of  any  sort  in  the 
sea.  It  is  possible,  again,  that  the  plaice  off  the  English,  Qerman,  and 
Dutch  coasts  are  similarly  divided  into  groups  or  races,  but  there  is  no 
satisfactory  evidence  as  yet  from  either  side— that  of  the  life-cycle  or 
that  of  the  characters.  It  may  be  that  as  we  pass  from  north  to  south 
the  differences  in  characters  between  the  northerly  and  southerly  plaice 
of  the  North  Sea  shown  here  gradually  diminish,  so  that  the  differences 
in  the  averages  are  too  small  to  be  detected  and  spoken  of  with  any 
certainty.  Perhaps  with  a  very  large  number  of  specimens  these  finer 
differences  will  show  themselves,  but  for  the  present  we  can  only  say  that 
the  groups  may  be  present,  and  that  the  life-cycle  of  the  one  group  may 
be  passed  under  vety  nearly  the  same  conditions  as  the  life-cycles  of  the 
other  groups,  so  that  the  characters  which  vary  under  the  stimulus  of  those 
conditions  are  similarly  closely  related. 

The  evidence  of  a  definite  life-cycle  may  likewise  be  brought  to  bear 
upon  the  problem  of  the  plaice  in  the  Baltic.  So  far  as  direct  evidence 
is  concerned,  Petersen's  view  that  they  may  spring  continually  from  the 
plaice  of  the  Kattegat,  just  as  those  of  the  Limfjord  do  from  the  plaice  of 
the  North  Sea,  is  just  as  correct  as  Heincke's  that  the  plaice  in  the  Baltic 
form  a  distinct  race.  But  the  probability  seems  to  me  in  favour  of 
Heincke,  because  we  have  no  evidence  that  the  characters  of  the  plaice 
can  change  so  quickly,  and  because  the  evidence  of  a  race  remaining 
distinct  and  separate  off  the  east  coast  of  Scotland  appears  conclusive. 
The  plaice  of  the  Baltic  may  do  so  likewise,  and  the  eggs  and  larvae  that 
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are  found  drifting  down  the  Belts  into  the  Baltic  may  return  later  aa 
young  to  the  Kattegat,  as  lieincke  supposes,  in  a  similar  fashion  as 
those  olf  the  southern  shores  of  Scotland  return  northwards. 

In  drawing  this  section  to  a  conclusion,  it  may  be  pointed  out  how, 
starting  from  the  characteristics  of  the  groups  into  which  a  "species" 
may  be  naturally  divided,  we  attain  by  examples  a  clear  conception  of  the 
underlying  theoretical  meaning  of  the  term  "  race."  This  has  been  shown 
by  Heincke  with  reference  to  the  herring,  and  his  definition  adequately 
displays  this  inner  meaning — "  A  race  is  a  collection  of  individuals  which 
live  within  like  surroundings,  and  which  through  the  intermingling  of  the 
sexes  stand  in  close  blood  relationship."  This  definition  gives  a  picture 
of  the  "  race,"  and  the  observations  recorded  here  show  that  such  collec- 
tions of  individualr.  may  and  do  exist. 

Conclusion. 

At  the  end  of  the  section  on  the  "  average  age  at  lirst-maturity,"  the 
usefulness  of  the  results  therein  obtained  was  discussed,  and  it  is  now 
advisable  to  give  a  brief  review  of  the  contents  of  the  succeeding  sections 
on  variability.  In  such  an  abstruse  subject  it  is  somewhat  difficult  to 
explain  the  theoretical  and  practical  bearing  of  the  work,  although  the 
underlying  current  of  thought  and  relation  of  part  with  part  may  be 
comprehensible.  The  chief  endeavour  throughout  has  been  to  utilise  and 
display  those  portions  of  the  mathematical  method  of  treating  variations 
which  are  most  essential  in  fisheries  research.  The  work  of  past  observers 
in  Scotland,  England,  and  the  Continent  has  shown  that  many  problems 
in  connection  with  tlie  fisheries  can  never  be  satisfactorily  solved  until 
large  quantities  of  material  from  different  places  and  different  times  have 
been  examined.  The  reason  for  this  lies  in  the  great  variation  displayed 
by  everything.  One  cannot  rely  upon  a  few  scattered  observations  here 
and  there,  but  must  be  prepared  to  amass  the  facts,  not  only  by  the 
hundreds,  but  by  the  thousands. 

When  the  facts  have  been  collected  they  have  to  be  sorted  into  groups, 
and  the  average  value  of  each  group  must  be  calculated.  Even  this  is 
not  sufficient.  It  is  necessary  to  remember  that  a  thousand  facts  repre- 
sent only  a  fraction  of  the  possible  millions  in  nature,  and  the  amount  of 
probability  that  the  averages  of  the  observed  facts  represent  the  true 
averages  must  be  calculated.  As  with  all  new  subjects  and  methods,  the 
work  is  at  first  extremely  laborious.  The  calculation  of  the  averages  and 
of  their  true  worth  is  comparatively  easy ;  the  labour  arises  from  the 
need  of  carefully  selecting  and  arranging  the  groups  so  that  no  confusion 
may  arise  later,  and  that  the  conclusions  may  be  justified  and  self- 
evident. 

In  the  preceding  pages  only  a  few  of  the  total  number  of  characters 
examined  have  been  described  because  of  tlie  time  taken  to  find  the  best 
manner  of  grouping  the  facts.  As  arranged  at  present  each  Table  serves 
three  purposes.  Sex-,  growth-,  and  race-variability  can  be  read  directly 
from  any  of  them  without  confusion,  and  this  has  seemed  the  shortest 
and  simplest  method  of  arranging  the  groups.  With  greater  quantities 
of  material  it  would  bo  possible  to  subdivide  certain  of  the  groups  still 
further,  as,  for  example,  those  displaying  growth- and  race-variability,  and 
finer  conclusions  mij^dit  then  be  drawn.  With  the  material  in  hand,  how- 
ever, the  groups  could  not  be  further  sub-divided.  The  characters  chosen 
are  perhaps  the  best  for  all  purposes,  but  some  of  the  others  may  be  of 
importance.  The  latter  will  he  considered  at  a  future  date,  it  is  hoped, 
along  with  various  other  points  of  importance  which  have  only  been 
lightly  referred  to  in  the  present  paper. 
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It  has  been  shown  in  these  pages  how  the  relative  dimensions  of  various 
parts  of  the  body — e.g.y  the  skull — may  vary  with  sex,  age,  and  in  different 
regions.  The  exact  amount  of  the  changes  observed  have  been  stated, 
but  the  conclusions  have  not  been  pressed  too  far.  It  is  believed  that  the 
changes  in  the  dimensions  are  only  the  superficial  evidences  of  what 
remains  constant  throughout.  The  various  structures  and  organs  are  so 
bound  up  with  one  another  that  any  change  in  the  one  may  be  accom- 
panied by  changes  in  othttfs,  but  these  relative  changes  mean  that  a 
certain  balance  of  the  organs  is  constantly  maintained. 

How  this  balance  of  the  various  organs  and  structures  is  to  be  expressed 
according  to  the  mathematical  method  of  treating  variations  is  still  an 
unsolved  problem.  The  correlation  of  two,  and  even  three,  structures  can 
be  displayed  by  Pearson's  and  Duncker's  methods  of  treating  correlation, 
but  this  only  shows  the  amount  that  one  part  varies  in  company  with 
another ;  or  the  correlation  of  the  averages  may  be  worked  out  by 
Heincke's  method,  and  this  is  perhaps  the  nearest  approximation  to  a 
solution  of  the  problem  that  has  yet  been  made.  This  shows  how  an 
extreme  variation  in  one  part  of  an  individual  may  be  counterbalanced  by 
variations  in  other  directions  of  other  parts.  But,  apart  from  the  inherent 
difficulties  in  connection  with  the  method,  this  leaves  us  in  the  end  with 
facts  illustrative  of  the  simple  statement  that  there  is  a  balance  of  organs. 
In  the  present  paper  it  has  been  shown  that  the  balance  is  most  probably 
one  of  mass  or  weight  about  a  certain  point  in  the  body,  which  may  be 
called  the  centre  of  mass  or  gravity.  The  changes  in  the  relative  dimen- 
sions have  been  referred  to  the  need  of  preserving  constantly  this  balance 
It  therefore  follows  that  in  order  to  express  the  balance  of  organs  they 
must  all  be  reduced  to  the  same  common  denominator — that  of  mass  or 
weight.  The  practical,  as  well'as  the  mathematical,  difficulties  in  the  way 
of  expressing  this  balance  are  very  great,  and  all  that  can  be  done  at 
present  is  to  show  that  the  solution  lies  in  this  direction. 

Under  the  section  on  race-variability  it  has  been  demonstrated  that  a 
"  species "  may  be  naturally  divided  into  groups,  which  under  normal 
conditions  may  have  no  connection  with  one  another.  The  practical 
bearing  of  this  lies  in  the  possibility  of  telling  where  any  given  specimens 
have  come  from.  The  fisherman  with  long  experience  is  often  able  to  do 
this  almost  at  a  glance,  and  there  is  no  reason  why  the  naturalist  should 
not  be  able  to  do  the  same  in  his  laboratory.  The  necessary  requirement 
is  that  the  relative  values  of  the  characters  at  different  ages  and  sizes 
should  be  tabulated  for  the  various  groups.  This  should  be  done  for  all 
the  common  species  of  food-fishes.  The  actual  need  of  this  has  not  yet 
been  felt  in  the  case  of  the  marine  forms,  but  cases  have  arisen  amongst 
the  fresh- water  forms,  such  as  the  trout,,  where  knowledge  acquired  by 
the  present  method  would  have  been  invaluable.  We  cannot  tell  either 
when  such  knowledge  of  the  marine  forms,  especially  of  the  herring,  cod, 
and  plaice,  may  be  required.  It  simply  means  that  we  should  be  able  to 
distinguish  between  the  different  groups  of  a  species  just  as  we  are  at 
present  able  to  distinguish  the  species,  although  the  latter  is  not  at  all 
easy  in  many  cases  in  the  present  condition  of  our  knowledge. 

A  further  important  aspect  of  the  practical  bearing  of  this  study  lies  in 
the  ability  that  arises  from  it  to  track  a  certain  group  through  the  sea. 
If  the  characters  of  a  certain  race — say  those  of  the  plaice  of  the  northerly 
North  Sea — have  been  carefully  tabulated  and  differentiated  from  those 
of  neighbouring  races,  we  should  be  able  to  follow  these  plaice  wherever 
they  went.  This  has  already  been  illustrated  in  a  previous  paper. 
Heincke  has  shown  it  also  in  the  case  of  the  Bohuslan  herring,  and  there 
seems  little  doubt  that  it  is  only  lack  of  definite  knowledge  that  prevents 
our  doing  so  in  other  cases  as  well. 
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We  may  turn  now  to  the  theoretical  consideration  of  the  conchisions 
that  the  plaice  as  a  species  is  divided  naturally  into  several  groups,  and 
we  may  endeavour  to  answer  the  question  how  these  groups  have  arisen. 
We  may  believe  that  they  have  sprung  from  a  more  primitive  form  which 
inhabited  the  sub-arctic  regions.  Migrating  southwards,  they  have 
gradually  spread  out  over  the  comparatively  shallow  areas  of  the  temperate 
zone,  penetrating  to  wherever  the  conditions  were  suitable  to  their  habits 
of  life,  and  as  they  reached  the  successive  regions  their  characters  slowly 
altered. 

Such  seems  to  have  been  the  progress  of  events,  but  we  do  not 
know  how  the  changes  have  been  wrought.  In  the  case  of  the  Baltic 
groups  the  evidence  seems  almost  conclusive  that  the  direct  action  of  the 
changed  environment  has  effected  the  changes  in  vertebrae  and  fin-rays. 
These  are  formed  in  the  early  post-larval  stages,  and  in  some  way  that 
we  do  not  yet  understand  the  decrease  in  salinity  and  the  increase  of 
temperature  in  the  surrounding  waters  have  brought  about  a  decrease  in 
the  number  of  vertebrjc  and  fin-rays.  Correlated  with  this  decrease  the 
average  size  of  the  adults  has  also  decreased,  and  the  relative  proportions 
of  the  various  organs  and  structures  have  altered  in  the  same  directions 
as  those  of  the  southerly  North  Sea  plaice. 

In  the  case  of  the  North  Sea  plaice  we  find  that  there  is  no  appreciable 
change  in  the  number  of  vertebras  and  fin-rays,  and  we  may  thence 
conclude  that  the  range  of  variations  and  the  averages  of  the  salinity  and 
temperatures  over  the  whole  North  Sea  are  approximately  the  same 
during  the  periods  that  these  organs  are  developing.  This  belief  is 
strengthened  when  we  find  that  the  plaice  of  the  south-west  coasts  of 
Scotland*  possess  the  same  average  number  of  vertebras  and  fin-rays  as 
those  of  the  North  Sea.  These  probably  come  under  very  similar 
conditions  of  salinity,  and  possibly  also  of  temperature. 

It  is  evident  that  careful  records  of  temperatures  and  salinities  over 
these  different  areas  are  much  needed  for  such  a  work  as  this,  where  fine 
differences  in  characters  are  sought  for. 

On  the  other  hand,  it  has  been  shown  that  the  North  Sea  plaice  are 
divided  into  at  least  two  groups  by  definite  and  distinct  differences  in 
structure.  These  differences  show  themselves  in  alteration  of  proportions, 
such  that  the  plaice  of  the  southerly  North  Sea  are  relatively  more 
elongated  and  narrower,  where  those  of  the  northerly  North  Sea  are 
shorter  but  broader.  The  plaice  of  the  latter  region  ore  more  massive, 
where  those  of  the  former  are  more  slender.  It  has  been  shown  that  in 
all  probability  this  change  has  taken. place  without  any  alteration  of  the 
balance  of  the  various  organs — i.e.,  the  centre  of  mass  or  balance  of  the 
animal  remains  the  same.  This  has  been  shown  to  be  the  nase  also  with 
the  relative  changes  in  parts  which  arise  from  sex-  and  growth-variability. 
If  we  suppose  that  this  balance  is  constant  for  the  bpecies,  then  the 
alterations  in  the  relative  proportions  of  structures  due  to  sex,  growth,  or 
race  are  evidences  of  the  various  possi})le  combinations  of  structures  and 
organs  which  may  arise  from  the  specific  variability  of  the  organism. 

*  Dr.  Fulton  inforniH  uio  that  the  saHuity  of  the  Solway  Firth  i«  certainly  lower  than 
that  of  tho  North  Sou,  though  actual  ntatiiitics  are  not  to  hand.  Ihe  plaice  from  the 
Solway  arc  therefore  comparable  rather  with  thoM  from  the  Heldor  than  with  those  of 
the  North  Sea,  because  thoHe  from  Holder  arc  roared  most  pn)bably  in  the  brackish  waters 
of  the  Zuyder  See.  The  values  of  the  averages  for  those  two  regions  {t'ide  Tables  VI., 
VII.,  and'lX.)>  with  tho  exception  of  those  for  the  anal  and  right  pectoral  fins,  are  also 
more  akin  than  with  those  for  the  North  Sea.  It  may  bo,  a«  already  suggested  (p.  77  and 
elsewhere),  that  plaice  from  both  these  regions  are  distinct  races,  i.e..,  distinct  from  thoso 
fit  the  North  Soa,  but  other  characters  than  tho  fin-rays  must  bo  more  closely  examined, 
llie  evidence  given  in  this  i>a]>er  shows  that  for  tho  plaice  the  aveniges  of  tho 
vertobne  an<l  of  the  fin-rays  do  not  materially  alter  except  imder  Tory  marked 
differences  in  salinity,  as,  for  example,  in  the  case  of  the  plaice  in  the  Baltic. 
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The  question  then  appears — How  have  these  alterations  in  tlie  relative 
proportions  of  the  North  Sea  plaice  arisen?  Why  should  the  specific 
variability  of  the  organism  not  give  rise  to  the  same  relative  proportions 
over  the  whole  area?  Two  formal  answers  are  ready  to  hand,  both  of 
which  take  for  granted  that  certain  diiTerences  must  exist  in  the 
surrounding  conditions.  On  the  one  hand,  natural  selectionists  would 
have  it  that  these  relative  proportions  of  structures  and  organs  are 
"  adaptive  '^ — i.e.,  that  each  combination  has  been  selected  by  its  environ- 
ment as  the  best  fitted  for  the  conditions  around.  On  the  other  hand, 
we  might  say  that  the  differences  in  the  environment  have  directly  caused 
the  difiFerences  in  the  proportions.  The  various  combinations  of  the 
proportions  are  all  adapted,  it  might  be  said,  to  the  environment,  and 
natural  selectionists  can  suggest  no  reason  why  the  one  combination  should 
appear  in  one  place  and  another  combination  in  another. 

Many  arguments  might  be  brought  forward  in  favour  of  both  of  these 
formal  explanations,  but  as  they  are  based  only  on  circumstantial 
evidence*  any  discussion  is  premature.  It  is  profitable,  however,  to 
consider  whether  these  alterations  in  the  proportions  of  the  North  Sea 
plaice  may  not  have  arisen  under  exactly  similar  external  conditions. 
We  have  accounted  for  the  changes  in  the  Baltic  plaice.  The  environ- 
ment is  different  there  from  that  of  the  North  Sea.  But  in  the  plaice  of 
the  latter  region  we  have  not  the  same  evidence  for  differences  in  the 
environment  In  the  former  case  the  average  numbers  of  vertebrae  and 
fin-rays  were  greatly  reduced,  and  these  were  connected  with  a  decrease 
of  salinity  and  an  increase  of  temperature.  In  the  latter  case  the  average 
numbers  of  vertebrae  and  fin-rays  remain  the  same  over  the  whole  region, 
and  we  might  thence  conclude  that  the  average  salinity  and  temperature 
remained  also  the  same.  We  have  no  reason,  further,  to  conclude  that 
the  remaining  external  conditions — pressure,  physical  and  chemical  con- 
stitution of  the  water,  food  supply — are  in  any  way  different  in  the 
regions  referred  to.     They  may  be,  but  we  lack  evidence. 

Jf  the  conditions  are  the  same,  how  may  we  account  for  the  alteration 
in  the  proportions  of  the  northerly  and  southerly  North  Sea  plaice  ?  A 
possible  explanation  may  be  found  in  the  action  of  man.  The  southerly 
regions  of  the  North  Sea  have  been  more  rigorously  fished  for  centuries 
than  the  northerly  regions.  Various  effects  of  this  rigorous  fishing  have 
been  already  mentioned.  The  number  of  large  specimens  decreases,  the 
average  size  of  the  mature  specimens  is  therefore  lowered,  and  possibly 
also  the  average-size  when  they  become  rii)e  for  the  first  time.  The  effect 
of  this  would  probably  be  that  the  specimens  which  survived  would  be  of 
a  younger  type  than  formerly.  Now,  it  has  been  shown  that  in  certain 
respects  the  plaice  of  the  southerly  North  Sea  might  be  taken  for  younger 
specimens  of  those  of  the  northerly  North  Sea.  The  differences  which 
contradict  this  are  shown  in  the  smaller  relative  body-height  and  correlated 
dimensions  of  the  skull  in  the  plaice  of  the  southerly  North  Sea.  It  has  been 
demonstrated  also  that  these  dimensions  are  correlated  with  the  develop- 
ment of  the  reproductive  organs,  and  if  the  above  reasoning  holds  good 
we  should  expect  that  the  smaller  body-height  and  correlated  parts  are 
accompanied  by  less  developed  reproductive  organs.  In  other  words,  the 
selection  practised  by  man,  "  natural  *'  in  a  sense,  would  have  the  effect  of 
reducing  the  size  of  the  reproductive  organs,  and  in  order  that  the  balance 
of  the  organism  may  be  maintained,  the  other  organs  vary  concomitantly. 

*  We  mi^ht  take  the  work  of  Bumpus  on  the  sparrow  (Biol.  I^cctures,  Woods  HoU, 
Boston,  1898)  as  direct  evidence  in  favour  of  natural  Kolection.  Weldon's  conclusions 
with  regard  to  Cnrcinm  nuctias  are  not  so  evident.  On  the  other  hand,  although  we  find 
many  definite  examples  in  farour  of  the  direct  action  of  the  environment  in  l>otany,  there 
seems  to  be  only  one  in  zxwlogy — viz.,  the  change  of  Artewia  mlirvt  to  Artemin 
fiiilhau^eniu 
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We  thus  have  three  possible  and  plausible  explanations  of  the  altera- 
tion in  the  combination  of  characters  in  the  plaice.  The  evidence 
required  to  bring  us  nearer  to  a  more  exact  explanation  will  come  from 
two  directions.  We  require  a  more  exact  measure  of  the  reproductive 
fertility — mass  of  reproductive  organs,  or  number  of  eggs — in  the 
different  regions,  and  thence  some  notion  of  the  so-called  "  reproductive 
selection"*  within  those  regions,  and  at  different  ages  or  sizes.  Secondly, 
we  require  some  knowledge  of  the  meteorological,  physical,  and  chemical 
conditions  over  the  North  Sea  area,  together  with  a  more  exact  determina- 
tion of  the  seasonal  fluctuations  and  their  averages  in  the  life-cycle  of  the 
plaice,  especially  of  the  southerly  regions. 

*  Vide  Pearson,  K. :  "  Chances  of  Death,"  1897. 
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v.— REPORT  OF  AN   ENQUIRY  ON  THE   ACTION  OF   THE 

HERRING  SEINE-NET. 

By  T.   Wemyss  Fulton,   M.D.,   F.R.S.E.,  Scientific  Supeiiatendent. 


INTRODUCTION. 


In  recent  years  complaints  have  been  made  respecting  the  alleged 
injurious  action  of  the  seine  net  used  for  the  captui*e  of  heixings  in  Loch 
F3nae  and  off  the  coast  of  Ayrshire,  and  the  results  of  an  enquiry  on  this 
subject  are  contained  in  the  following  report,  especially  as  concerns  the 
capture  of  immature  herrings  and  the  destruction  of  herring  spawn 
deposited  on  the  bottom.  The  investigation  was  begun  some  years  ago 
at  Ballanti-ae  Bank,  but  owing  to  the  failure  of  the  fishing  there  in  suc- 
cessive seasons,  its  progress  was  delayed  imtil  the  present  year,  when  the 
herrings  returned  in  considerable  iiumbei*:!.  This  method  of  fishing  for 
herrings  has  formed  the  subject  of  legislation  and  of  several  previous 
enquiries  which  must  be  here  alluded  to. 

The  seine  net  appears  to  liave  been  first  inti*oduced  into  the  Scottish 
herring  fishery  about  the  year  1838,  when  it  was  employed  in  Loch 
Fyne.  Its  use  gradually  extended,  and  it  became  known  locally  as  the 
"  herring  trawl,"  the  system  of  fishing  being  called  **  trawling  for 
herrings  "  ;  but  these  terms  are  improper,  since  the  net  is  in  reality  a 
seine,  without  a  distinct  *'  cod  "  or  pocket,  and  not  a  trawl.  By  the 
year  1846  or  thereiibouts  the  seine  had  come  into  pretty  common  use  in 
Loch  Fyne,  and  disputes  and  conflicts  soon  arose  between  the  "  trawlers  " 
or  seiners,  and  those  pursuing  the  ordinary  and  time-lionoured  system 
of  fishing  for  herrings  with  the  drift  net.  The  drift-net  fishermen 
alleged  that  the  seine  or  "  trawl "  wajs  injurious  for  many  reasons ;  and 
this  opinion  being  supported  by  the  leading  fish  curers  and  merchants, 
an  Act  of  Parliament  was  passed  in  1851,  with  the  concuri'ence  of  the 
Board  of  British  White  Hernng  Fishery,  by  which  the  employment  of 
the  seine  for  catching  henings  was  made  illegal,  the  only  net  recognised 
as  legal  and  proper  being  tlie  drift  net  with  the  standard  meshes  of  one 
inch  from  knot  to  knot.* 

Under  this  statute  the  Board  of  Fisheries  took  prompt  metisures  to 
suppress  the  use  of  the  herring  seine  net  in  Loch  Fyne  and  also  in  the  Firth 
of  Foith,  where,  being  used  for  the  capture  of  sprats,  it  also  took  occasion- 

*  14  and  15  Vict.,  c.  26.  An  Act  t<>  Amend  the  Actrf  rolating  to  thu  British  Whit© 
Herring  Fi«hory.  Section  6  was  a**  follows: — "That  whenever  the  horriug  fishery  is 
coramencod  or  carried  on  it  shall  not  be  lawful  for  any  i)er.-*on  to  use  for  the  purpose  of 
taking  herrings  any  drag  net,  or  sea  net  mounted  for  trawling,  or  any  sweep,  circle,  ring 
net,  or  scringe  net,  or  any  net  prohibited  by  the  said  recited  Actm  or  any  of  them,  or 
any  net  of  any  kind  or  description  whatsoever  other  than  the  usual  drift  net,  or  to  u»e 
any  drift  net  by  dragging  the  same  through  the  water  in  the  manner  of  trawling  ;  nor 
shall  it  be  lawful  to  take  or  have  on  board  of  any  fishing  vessel  or  boat,  during  the  time 
of  the  herring  fishery,  any  net  of  any  description  other  than  drift  nets  ;  and  every  such 
net  other  than  drift  nets,  used  a"  aforesaid,  or  found  on  board  of  any  fishing  vessel  or 
boat  during  the  herring  fishery,  or  found  on  shore,  or  in  the  j^ossession  of  any  person  for 
the  purpose  of  being  so  used,  shall  be  liable  to  be  seized  by  any  superintendent  of  the 
hernng  fishery,  or  person  acting  under  his  order,  or  by  any  otticer  of  the  fishery  ;  and 
any  person  using  or  having  on  boai-d  any  fishing  vessel  or  Ixwit,  or  having  on  shore  for  the 
puri>ose  of  being  u<od  as  aforesaid,  any  net  contrary  to  the  provisions  of  the  said  recited 
Acts  or  any  of  them,  or  this  Act,  nhall  be  subieot  and  liable  to  the  |>enaltie««  imposed  in 
that  behalf  by  the  said  recited  Act«t  or  any  of  them,  and  any  net  so  seized  shall  bo  liable 
to  forfeiture  in  terms  of  tlie  said  Acts." 
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ally  considerable  ({uantities  of  young  herrings.  The  difficulties  in 
enforcing  the  Act  were,  however,  very  gi-eat.  The  trawlei*s  or  seiners 
resorted  to  all  sorts  of  shifts  and  expedients  to  carry  on  their  operations 
while  avoiding  detection.  When  pursued  they  usually  cut  the  net 
adrift,  or  threw  it  overboard,  and  the  mere  seizui*e  of  the  nets  found  in 
the  water  had  little  effect  in  repressing  the  practice.  The  naval 
superintendent  in  command  of  H.M.S.  "  Porcupine,''  with  a  crew  of  60 
men,  reported  that  "  although  he  had  unlimited  authority  under  the 
Act  to  put  down  trawling,  he  had  not  been  able  to  do  so,  and  that  more 
force  was  required  even  to  suppress  it  in  the  confined  area  of  Loch 
Fyne,"  which,  however,  it  was  impossible  to  grant  him.*  In  1852  the 
Act  was  earned  out,  as  far  as  possible,  with  great  vigour,  and  1853  was 
also  "  a  year  of  repression,"  but  it  was  less  effective,  pai-tly  in  conse- 
quence of  an  unfortunate  accident  which  occurred  from  firearms  having 
been  used  on  board  one  of  the  boats  of  the  **  Porcupine,"  engaged  in 
enforcing  the  Act,  whereby  a  fisherman  was  wounded.  The  gunner  and 
one  of  the  marines  were  tried  at  Inveraiuy  for  this  offence,  and  were 
sentenced  to  three  months'  imprisonment,  afterwards  commuted.  In 
1854  the  outbreak  oi  the  Rus.sian  war  caused  the  gunboat  to  be  with- 
drawn ;  the  Act  fell  largely  into  abeyance,  and  the  use  of  the  seine 
revived  in  1855  and  1856.t 

The  Board  of  Fisheries  declared  that  the  Act  "  had  not  been  found  to 
work  satisfactorily,"  owing  to  certain  defects  in  it  which  were  specified,^ 
and  a  Commission  of  Inquiry  on  the  duties  of  the  Board  of  b'isheries, 
which  was  appointed  by  the  Lords  of  the  Treasury  in  1856,  also 
examined  into  the  working  of  the  Act  and  reported  against  it.  '*  The 
Act,"  they  said,  '*  has  failed  to  accomplish  its  object,  and  has  been  unfor- 
tunate in  its  consequences.  The  difficulty  of  obtaining  the  legal 
evidence  necessaiy  for  conviction  has  given  complete  immunity  to 
offenders,  whilst  the  successful  continuance  of  unlawful  conduct  has 
tended  to  familiarise  men  with  law- breaking,  and  to  demoralise  them. 
The  evidence  of  all  parties  concurs  in  declaring  that  ti*awling  is  as 
openly  and  extensively  practised  as  if  it  were  legal ;  but  the  fact  is  also 
established  that  the  amount  of  hen-ings  actually  caught  in  Loch  Fyne 
has  largely  increased.  .  .  .  We  earnestly  recommend  the  repeal  of 
a  Statute  which  has  no  other  lesult  than  to  keep  a  considei'able  popula- 
tion in  the  habitual  and  successfid  violation  of  the  law."  §  In  conse- 
quence of  this  report  the  subject  was  brought  before  the  notice  of  the 
Government  with  the  view  of  dealing  with  it  by  legislation,  the  Act 
meantime  remaining  only  nominally  in  force. ||  Then  an  event  occui*red 
which  hastened  action.  In  the  autumn  of  1858  the  shoals  of  heirings, 
whicli  had  for  a  long  period  been  absent  from  upper  Loch  Fyne,  made 
their  way  up  as  far  as  Invei-ai-ay  (the  headquarters  of  the  drifters),  and 
they  were  followed  thither  by  the  seine  boats  which  brought  on  a 
collision  between  the  two  classes  of  fishermen.  In  1859  the  same  thing 
Jiappened,  and  the  driFt-net  fishermen  then  combined  to  put  down 
seining  ;  they  took  arms  into  their  boats  and  threatened  to  enforce  the 
Act  for  themselves.^  The  authorities  thereupon  circulated  notices  that 
trawling  for  hemngs  was  illegal,  and  they  stationed  a  gunboat  and 
fishery  officers  in  Loch  Fyne  so  as  to  preclude  any  trawlers  from  passing 
up  l>eyond  Otter  Spit  into  the  upper  loch. 

*  Report  by  the  CoTniuis«iioiier8  for  the  British  Fishoiios  for  1859,  p.  5. 

i   Ibid,  for  18.53,  p.  6  ;  for  1869,  p.  5.     Reix>rt  ou  the  Herring  Fiaherios  of  Scotland 
by  Buck  land  and  WaliK>lo  (1878),  p.  2. 

X  Report  by  the  CorainissionorH  (1859),  p.  4. 

^  Rjport  l)y  Mes-sr.s.  Bmvny  Pricj  aril  St.  John  and  Admiral  Sullivan  (1857). 

!  Report  of  Conmiis^sioncrs  for  the  British  Fisheries  for  18W*,  p.  5. 

•.  Ibui. 
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The  operations  of  the  Act  in  connection  with  the  spi*at  fisheries  in 
the  Firth  of  Forth  also  caused  great  difficulties.  There  was  no  legis- 
lative restriction  against  sprat  fishing  pei'  se,  but  when  young  herrings 
were  captured — as  they  very  frequently  were — by  the  small-meshed 
sprat  seines,  the  nets  were  seized  by  the  fishery  officers,  and  the  fishing 
brought  to  a  stop.  When  the  Board  of  Fisheries  revived  the  enforce- 
ment of  the  Act  in  1859  the  spi^at  fishennen  resisted  its  application  to 
them.  They  took  steps  to  obtain  legal  interdict;  they  assailed  the 
fishery  officers  with  stones,  riots  occurred,  and  the  commander  of 
H.M.S.  "  Lizard  "  reported  that  he  could  not  cany  out  the  Act  without 
arming  his  boats,  and  if  he  did  so,  that  he  could  not  be  responsible  for 
the  lives  of  the  people.  The  "  imminent  risk  of  conflict  and  bloodshed  " 
was  such  that  the  Lonl  Advocate  took  upon  himself  the  responsibility 
of  a<lvising  the  Board  to  stop  the  seizure  of  nets  and  to  fix  a  boundary 
within  which  the  sprat  fishermen  might  be  allowed  to  fish  with  the 
seine;  which  was  done.*  The  Board  of  Fisheries,  while  strongly  in 
favour  of  a  liberating  Act,  were  of  opinion  that  the  prohibition  of  seine 
trawling  should  not  be  simply  repealed,  as  was  recommended  by  tb© 
Treasury  Commission.  They  desired  that  the  power  of  regulation  should 
be  conferred  upon  them,  so  that  they  might  permit  or  forbid  seining  for 
herrings  according  to  the  circumstances  of  any  particular  place  or  case.t 
In  a  Bill  introduced  into  the  House  of  Commons  by  the  Lord  Advocate, 
it  was  accordingly  proposed  to  give  such  powers  to  the  Board  while 
repealing  the  existing  statutory  prohibition.  But  owing  to  a  strong 
and  widely  -  Extended  agitation  by  fish  -  curers  and  merchants,  the 
opposition  to  this  proposal  in  the  House  of  Commons  was  so  great  that 
the  Bill  emerged  from  the  Legislature  with  provisions  against  seine-net 
fishing  for  herrings  still  more  absolute  and  stiingent  than  those  con- 
tained in  the  Act  of  1851. J 

The  Act  of  1860  was  enforced,  as  far  as  it  could  be,  in  Loch  Fyne 
and  the  Firth  of  Clyde  by  the  aid  of  two  gunboats  and  a  strong  staff  of 
police  on  shore,  but  the  efforts  to  suppress  seining  wei*e  "still  attended 
with  difficulty"  and  "were  found  ineffective."  The  illegal  net  was 
the  only  article  that  could  be  seized,  and  as  the  trawlers  were  ready  to 
sacrifice  it  for  the  sake  of  making  their  haul  of  herrings,  by  cutting 

*  Ifjt'tf.  Report  on  the  Herring  Fishorieij  of  Scotland,  by  Buckland  and  Walpole, 
p.  2.  Rt*port  of  the  Commissioners  on  the  Soa  Fisheries  of  the  United  Kingdom, 
Vol.  II.,  p.  579(1866). 

t  Memo,  hy  Mr.  Bouverie  Primrose.     76m/.,  and  Vol.  I.,  App.,  p.  47. 

t  23  and  24  Vict.,  c.  92.  An  Act  to  Amend  the  Law  relative  to  the  Scottish  Herring 
Fisheries,  ISOO.  Section  13  Is  aa  foUowa  : — **  For  the  puqwHOs  of  the  provisions  of  the  sixth 
section  of  the  Act  fourteenth  and  fifteenth  Vktoria,  chapter  twenty-six,  the  herring 
fishery  .•*hall  bo  held  to  be  carried  on  whenever  herrings  are  being  caught,  and  every  net, 
other  than  drift  nets,  which,  in  the  opinion  of  Huch  (/omraissioners,  may  be  used  for  the 
puqx>iie  of  taking  herrings  in  contravention  of  the  said  Act,  shall  during  the  whole  time 
of  such  herring  fisheiy  be  removed  and  laid  aside,  or  shall  l>c  liable  to  be  seized  and  for- 
feited, and  the  owner  thereof  to  be  proceeded  against  accordingly  ;  and  the  finding  of 
any  8uch  other  net  in  any  open  ]ilace,  and  not  removed  and  laid  tiaide  as  aforos^iid,  shail  bo 
held  j^rhna  /arte  evidence  of  the  puriK)so  of  the  possessor  of  such  net  to  use  the 
Kame  in  contravention  of  the  }>rovisions  of  the  recited  Acts  or  of  this  Act ;  and  unless 
such  possessor  shall  prove  to  the  satisfaction  of  the  Sheriff.  Justice  or  Justices  of  the 
Peace,  or  magistrate,  l)efore  whom  lie  may  be  ]>rosecutod,  that  such  net  was  not  intended 
to  bo  used  for  any  such  unlawful  purpose,  such  net  shall  bo  forfeited  and  destroyed,  and 
the  possessor  thereof  shall  be  liable  in  the  penalty  imi>osed  by  the  sixth  section  of  the 
said  Act ;  and,  in  addition  to  any  superintendent  or  person  acting  under  his  orders,  or 
any  officer  of  the  fishery,  every  constable  or  officer  or  the  |>olice  of  any  county  or  burgh 
acting  under  the  authority  and  orders  of  the  Sheriff,  or  any  Justice  of  the  Peace,  or 
magistrate  of  such  county  or  burgh  shall,  for  the  puriwso  of  enforcing  the  provisions  of 
the  sixth  section  of  the  said  Act,  have,  within  such  county  or  burgh,  the  power  to  seizo 
any  such  not  in  order  to  the  condenmatiou  and  forfeiture  thereof  ;  and,  on  the  ro<iuisition 
of  any  superintendent  or  other  officer  of  the  fishery,  any  constable  or  officer  of  police 
shall  be  entitled  to  assist  and  co-operate  with  him  or  them  in  the  execution  of  this 
Act."  Section  14  declares  the  mode  of  obtaining  warrants  to  search  for  and  seize  illegal 
ucts,  the  enforcing  of  tines  and  penalties,  &c. 
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away  their  nets  wlien  chased,  they  in  many  cases  escaped  personal  identi- 
fication, and  carried  off  their  cjirgo  with  impunity  to  market.*  By  the 
aid  of  a  strong  force  tlie  sprat  fishing  in  the  Firth  of  Forth  was  com- 
pletely suppressed.  But  as  "  the  winter  was  excessively  severe,  the 
sprat  fishermen,  deprived  of  their  ordinary  employment  and  means  of 
livelihood,  became  extremely  impatient  and  res-tless."  They  raised  an 
action  for  interdict  in  the  Court  of  Session,  and  lost  it ;  and  ultimately, 
owing  to  the  excitement  and  distress  caused  by  the  enforcement  of  the 
Act,  the  Home  Secretary  advised  the  Board  of  Fisheries  that  if  they 
"  should  come  to  the  conclusion  that  the  Act  in  certain  localities  pro- 
duced consequences  detrimental  to  certain  classes  of  fishermen,  and  not 
contemplated  by  the  Legislature,  they  would  be  justified  in  abstaining 
from  the  enforcement  of  it  in  those  localities,  until  lime  should  be 
afforded  to  Parliament  for  considering  the  provisions  in  question."  t 
An  investigation  was  therefore  made  by  the  late  Lord  (then  Dr.)  Lyon 
Flayfair  and  Vice- Admiral  Dundas,  both  members  of  the  Board,  into 
the  condition  of  the  sprat  fishermen  and  the  effect  of  their  fishing  on 
the  heiTing  fishery ;  and  as  a  result  of  it  sprat  fishing  with  the  seine 
net  was  allowed  to  be  resumed  within  a  specified  boundary. 

Since  it  was  found  by  the  Board  of  Fisheries  that  the  powers  con- 
ferred upon  them  by  the  Acts  of  1851  and  1860  were  insufficient  to 
enable  them  effectually  to  suppress  seining,  another  Act  was  passed  in 
the  following  year  providing  not  only  for  the  seizure  and  forfeiture  of 
the  seine  net,  buD  of  the  boats  using  it,  as  well  as  the  fish  they  might 
contain.  Power  was  also  given  for  the  suspension  of  the  prohibition 
against  the  seine  net  when  it  was  employed  in  sprat  fishing  within  a 
specified  part  of  the  Firth  of  Forth.  The  Board  were  also  authorised 
to  employ  the  police,  and  under  the  provisions  of  the  Police  (Scotland) 
Act  a  fishery  police  was  established.  J  These  provisions  enabled  the  law 
against  seining  for  herrings  to  be  carried  into  full  effect,  "with  marked 
results  in  the  suppression  of  trawling  and  all  other  illegal  modes  of 
fishing."  Many  seizures  were  made  and  the  boats  and  fishing  gear 
condemned.  Another  unfortunate  occurrence  took  place  in  Loch  Fyne 
in  1861  which  forcibly  drew  public  attention  to  the  trawling  legislation. 
A  fisherman  was  shot  dead  by  a  mai*ine  in  one  of  the  superintending 
boats,  acting  under  the  oi-dei*s  of  his  superior  officer.  The  officer  and 
marine  were  tried  before  the  High  Court  of  Justiciary  and  acquitted. § 

By  thase  Acts  seining  for  herring  was  almost  entirely  suppressed  in 
1862;  the  seinei-s  joining  di*ift-net  boats  or  getting  drift  nets  for  them- 
selves. A  gi-eat  impetus  was  thus  given  to  the  building  of  drift-net 
boats  and  the  making  of  drift  nets,  antl  it  almost  appeared  as  if  the  use 
of  the  seine  in  the  herring  fishery  would  be  permanently  abandoned.  || 

But  in  August  1862  a  Royal  Commission  was  appointed  "to  enquire 
into  the  operation  of  the  laws  relating  to  trawling  for  herrings  on  the 
coasts  of  Scotland,  having  special  reference  to  the  Acts  of  Parliament" 
which  have  been  cited.  This  Commission,  usually  knows  as  the  Playfjvir 
Commission,  was  composed  of  Dr.  Lyon  Play  fair,  Professor  Huxley,  and 
Lieutenant-Colonel  Maxwell.  Their  report  was  presented  to  Parlia- 
ment in  1863,^  and  it  was  of  a  very  thorough  character.  They  sum- 
marised the  objections  raised  by  the  diifters  to  the  seining  for  herrings 

*  Report  by  the  Comnii.'wioners  for  the  British  Fisheries,  1860,  p.  3 ;  1861,  p.  3. 
t  Ibid. 

^24  and  2;>  Vict.,  c.  72:  An  Act  to  make  furtlier  Provision  for  the  Kogulation  of  the 
British  White  Herring  Fishery.    Report  of  Commiiwionera  1861,  p.  3. 

§  Ibid. 

il  Ibid.  1862,  p.  4. 

^Report  of  the  Royal  Commission  on  the  Oi>eration  of  the  Acts  relating  to  Trawling 
for  Herring  «>n  the  Ooaats  of  iScotland, 
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as  follows — ^and  the  objections  have  been  always  of  the  same  nature : — 
(1)  Inimatui-e  herrings  may  be  caught  by  it.  (2)  The  seine  nets  disturb 
and  disperse  the  shoals  of  fish  in  entering  the  estuaries  from  the  sea, 
and  in  consequence  the  fish  desert  the  waters  which  they  would  other- 
wise have  frequented.  (3)  The  seine  nets  sweep  across  the  beds  where 
the  fish  are  depositing  their  spawn,  and  not  only  take  the  spawning 
herrings,  but  destroy  the  spawn  which  has  been  deposit'Cd.  (4)  Herrings 
caught  by  the  seine  net  are  not  fit  for  curing,  on  account  of  injury 
received  in  their  capture.  (5)  The  trawlers,  or  seiners,  cut  the  drift 
nets  and  destroy  the  floats.  (6)  The  two  systems  cannot  be  carried  on 
together  in  narrow  waters,  as  the  trawlers  get  foul  of  the  drift  nets 
and  drive  away  the  fish.  (7)  The  extravagant  gains  of  the  trawlers, 
monopolised  by  a  few,  alter  the  market  prices  by  sudden  fluctuations,  to 
the  great  detriment  of  the  drift-net  fishermen,  who  prosecute  their 
labour  in  a  more  steady  and  less  gambling  manner. 

The  trawler^,  or  seiners,  on  the  other  hand,  denied  these  allegations, 
and  rested  their  case  on  the  following  grounds :  (1)  They  admitted  that 
when  the  mesh  of  the  net  is  less  than  the  legal  standard  (one  inch)  they 
caught  immature  fish,  but  they  denied  that  it  is  their  interest  to  do  so, 
and  stated  that  larger  and  finer  herrings  were  caught  by  the  trawl 
than  can  be  got  by  the  drift  net.  (2)  They  denied  that  the  enclosure 
of  the  herrings  in  a  net  drawn  gently  around  them  could  disturb  the 
general  shoal  of  fish  so  much  as  their  meeting  numerous  walls  of  drift 
netting.  (3)  They  denied  intei-ference  with  the  spawning  beds.  (4) 
They  declared  that  seine-caught  fish  are  not  only  good  for  the  fresh 
market,  which  they  dasired  to  supply,  but  also  for  curing.  (5)  They 
denied  injuring  drift  nets,  and  Siuv  no  difficulty  in  cairying  on  the  two 
systems  of  fishing  together.  (6)  They  asserted  that  the  large  hauls  got 
by  the  trawlei-s  were  of  gi*eat  benefit  to  the  consumer  of  fish,  by 
enabling  him  to  get  herring  much  cheaper  than  he  could  by  drift-net 
fishing. 

Besides  making  personal  invei-tigation  at  Loch  F>'ne  and  other  parts 
of  the  coast,  the  Commissioners  examined  the  statistics  and  other 
evidence  placed  at  their  disposal  by  the  Board  of  Fisheries,  which 
showed  that  the  gross  yield  of  the  herring  fi^^hing  in  Loch  Fyne  had 
increased  rather  than  diminished,  notwithstanding  the  use  of  the  seine- 
trawl,  and  that  the  s:une  was  true  of  the  Avhole  West  Coast.  "  When  we 
look  back,"  they  say,  "to  the  records  of  the  fishing  in  Loch  Fyne  for 
the  last  fifty  or  sLxty  years,  we  find  many  periods  of  bad  fishing  and 
gloomy  depression  on  the  pait  of  the  fishermen,  fn  such  times  of  panic 
they  have  always  been  rcivdy  to  demand  legislative  protection  against 
other  classes  of  fishermen  who  were  supposed  to  be  interfering  with 
their  interests.  Thus,  in  1836,  the  Fishery  Officer  at  Loch  F3me, 
expressing  the  Niews  of  the  fishermen  there,  entreats  the  Board  to  pro- 
tect that  loch  from  laiin,  by  putting  down  all  fishing  on  the  East  Coasts 
of  Scotland  during  the  only  months  when  it  avjis  productive,  because 
the  West  Coast  fishermen  are  persuaded  that  it  is  the  fish  of  the  West 
Coast  which  travel  to  the  East  Coast  to  spawn.  In  fact,  eveiy  time 
that  there  is  a  panic,  the  reasons  assigned  for  the  failure  of  the  herring 
alter,  but  are  strongly  pressed  upon  the  Fishery  Board  as  demands  for 
immediate  prohibitory  measures." 

The  Commission  came  to  the  conclusion  that  trawling,  or  seining,  for 
heiTings  had  not  been  injurious,  and  had  not  diminished  the  productive- 
ness of  the  fishery  in  Loch  Fyne,  which  had  increivsed,  and  that  tJiis 
mode  of  fishing  furnished  an  im[)ortant  means  of  cheaiwning  fish  to  the 
consumer.  They  condemned  the  Trawling  Acts.  "  Although  recent 
legislation,*'  they  sjiid,  "  has  been  in  logicial  .secjuence  of  that  which  hsis 
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lon^  prevailed,  and  may,  in  tlio  absence  of  new  inquiries,  have  been 
requisite  to  prevent  disturbance  of  the  peace,  still,  as  it  proceeds  on  the 
assumption  that  it  is  justifiable  for  the  conservation  of  the  breed  of 
herring,  we  are  bound  to  state  that,  in  this  point  of  view,  the  I'epi'essive 
Acts  of  1851,  1860,  and  1861  were  altogether  unnecessary;  that  they 
are  essentially  Acts  for  pix)tecting  class  interests,  and  interfere  with  the 
invention  and  application  of  new  and  more  productive  modes  of 
industry."  They  expressed  the  opinion  that  if  any  legislation  had  been 
requisite,  it  should  have  been  applied  to  a  regulation  of  the  size  of  the 
mesh  of  the  seines,  which  were  frequently  used  under  the  legal  standai-d. 
But,  if  seine-fishing  were  again  made  legal,  they  recommended  that  the 
Boai-d  of  Fisheries  should  have  discretionary  powers  to  prohibit  it  **  in 
waters  which  are  too  nan*ow  for  that  and  drift-net  fishing  being  peace- 
ably auTied  on  simultaneously" ;  and  they  declared  their  opinion  •*  that 
Upper  Loch  Fyne,  i.e.  above  Otter  Spit,  is  too  narrow  for  this  purpose, 
and  that  the  Kyles  of  Bute  ofier  another  instance  in  which  it  would  be 
desirable  to  give  the  Fishery  Board  discretionary  powers  to  prohibit  the 
prdLctice  of  seining,  but  merely  as  a  question  of  police." 

In  the  year  in  which  the  Repoit  of  the  Playfair  Commission  was 
published,  another  Royal  Commission  was  appointed  to  enquire  into  the 
condition  of  the  whole  sea  fisheries  of  the  United  Kingdom,  and  especially 
as  to  (1)  whether  the  fish  supply  was  increasing,  stationary,  or  diminish- 
ing; (2)  whether  any  methods  of  fishing  in  use  involved  a  wasteful 
destruction  of  fish  or  spawn,  and,  if  so,  whether  it  was  probable  that 
any  legislative  restriction  upon  such  metho<ls  of  fishing  would  result  in 
an  increase  of  the  supply  of  fish  ;  and  (3)  whether  any  existing  legis- 
lative i-estiictions  opei-ated  injuriously  upon  any  of  such  fisheries.  This 
great  Commission,  whose  labours  led  to  the  repeal  of  so  many  fishery 
statutes,  was  composed  of  Sir  James  Caird,  M.P.,  Professor  Huxley, 
and  Mr.  G.  Shaw-Lefevre,  M.P.,  and  in  1864  they  visited  Scotland,  and, 
inter  alia^  enquired  into  the  question  of  seine-net  fishing  for  herrings. 
In  their  Report*  the  Commission  adopted  the  conclusions  of  the  Play- 
fair  Commission.  "We  are  unable,"  they  reported,  "to  find  any 
satisfactory  proof  in  the  evidence  that  has  been  brought  before  us 
that  trawling  or  circle  net-fishing  for  hen-ings  is,  when  properly 
practised,  wasteful,  or  destructive  to  the  brood  and  spawn  of  the 
herring.  We  are  of  opinion  that  it  has  been  and  may  be  a  very 
im[>ortant  means  of  supplying  the  market  with  an  abundance  of  fish  ; 
and  that,  not  unfrequently,  under  circumstances  which  preclude  the 
capture  of  herrings  by  the  drift-net  fishermen."t  With  respect 
to  the  simultaneous  prosecution  of  the  two  modes  of  fishing  in 
naiTOw  waters,  they  had  no  doubt  that  they  might  be  safely  carried 
on  in  Lower  Lochfyne ;  but  they  expressed  the  same  opinion  as  the 
Playfair  Commission  as  regards  Upper  Loch  Fyne  and  the  Kyles  of  Bute. 
In  these  watera,  they  sjiid,  "  there  may  bo  difficulties  in  keeping  order 
among  so  large  a  number  of  fishermen  collected  together  in  a  compara- 
tively narrow  space,  and  holding  very  opposite  views  upon  the  merits 
of  their  respective  modes  of  fishing ;  but  apart  from  the  question  of 
police,  we  see  no  reason  why  both  modes  of  fishing  should  not  be  per- 
mitted. It  is  perfectly  clear  to  us  that  there  are  times  when  the 
"  trawl "  will  take  fish,  when  none  can  be  caught  by  the  drift-net." J  The 
conclusion  of  the  Commission  on  this  subject  was  as  follows  : — **  With 
respect  to  the  particular  case  of  circle-net  fishing  on  the  west  coast  of 

*  Report  of  the  Commissioaors  appointed!  to  inquire  into  the  Sea  Fisheries  of  the 
United  Kingdom.    Vol.  I.     1866. 

ilbid.f  p.  xIt. 
X2bid.,JlriL 
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Scotland,  we  are  of  opinion  that  (except  in  a  certain  specified  locality 
and  as  a  measure  of  police)  no  justification  whatever  exists  for  the 
suppression  of  that  method  of  taking  heirings.  There  is  no  evidence 
that,  when  properly  practised,  it  is  a  wasteful  mode  of  fishing ;  while 
there  is  abundant  proof  that  it  affords  a  most  plentiful  supply  of  whole- 
some fresh  fish ;  and  that,  under  certain  circumstances  of  season  and 
weaither,  the  fish  thus  obtained  are  not  to  be  captured  by  other  modes 
of  fishing."*  They  i*ecommend,  inter  alia,  tliat  all  Acts  of  Pai-liament 
"wliich  professed  to  regulate  or  restrict  the  modes  of  fishing  pursued 
inshore,  should  be  repealed ;  with  the  exceptions,  purely  on  grounds  of 
police,  of  the  lociil  Act  regulating  pilchard  fishing  at  St.  Ives;  and,  for 
that  part  of  Loch  Fyne  which  lies  above  Otter  Spit,  of  the  Act  prohibi- 
ting ti-awling  for  herrings  in  Scotland." t 

Effect  was  soon  given  to  the  recommendations  of  iJie  Commifision. 
The  Actfj  against  seine-trawling  had  been  consistently  enfoi'ced  by  the 
Board  of  Fisheries  since  1860 ;  and  in  their  Report  for  1866  they 
state  that  this  enforcement  had  "  given  rise  to  a  gi-eat  change  of 
opinion  as  to  the  necessity  for  continuing  to  maintain  that  prohibition,*' 
and  that,  owing  to  "  tlie  unsatisfactory  nature  of  tlie  results  produced 
upon  the  fishery  by  their  enforcement,"  and  the  enquii'y  held  as  to  their 
operation,  the  Government  had  submitted  a  Bill  to  Parliament 
removing  all  prohibitions  against  the  use  of  the  seine  or  hening  trawl 
net.t  The  Act  referred  to  was  pissed  in  1867,§  and  the  seine-net 
which  hml  been  under  legjil  prohibition  since  1851  was  agiiin  at  once 
employed  in  Loch  Fyne  and  a<lji\cent  watens.  "  Its  restoi-ation,"  the 
Board  of  Fisheries  rejwrted,  "  Avas  received  with  satisfaction  as  well 
by  the  fishermen  of  the  Upper  Loch  as  of  the  Lower."  Many  of  the 
fisherman  began  to  use  the  drift  net  or  the  seine  net  according  as 
circumstances  rendered  the  one  or  the  other  of  them  the  most 
profitable;  and  "  instead  of  those  bitter  hostilities  which  the  suppi*ession 
of  the  seine  hivd  created,  and  which  had,  in  former  years,  on  different 
occasions,  led  to  confusion,  riot,  and  bloodshed,  the  fishing  this  past 
season  was  pursued  in  an  orderly  and  quiet  manner,  and  with  very 
mai'ked  success."  II  This  harmony  prevailed  so  long  as  the  herrings 
were  abundant  and  the  fishing  successful ;  but  in  seasons  when  the 
fishing  was  j)oor,  complaints  were  again  made  against  the  use  of  the 
seine  net.^ 

In  1877,  representjitions  having  been  made  to  the  Government  as 
to  the  unsjitisfactory  state  of  the  Scottish  herring  fishery,  another 
Commission  was  appointed  by  the  Home  Secretary,  "to  ascertain 
whether  any  legislative  regulations  would  tend  to  promote  the  welfare 
of  the  fishermen  engaged  in  the  said  fishery,  and  to  increase  the 
supply  of  herrings  for  the  benefit  of  the  public."     The  Commissioners 

*  Ibid.  ciii. 
+  Ihiif.  cvi. 
%  Reix)rt  of  ComniisRionors,  1866,  p.  5. 

§  80  &  SI  Vict.  c.  r>2.  An  Act  to  alter  and  amend  the  Acts  relatinj^  to  tlie  Britiflh 
White  Herring  FiHhery,  1867.  Section  I.  "From  and  aft^ir  the  j^sjjing  of  this  Act 
notwithstanding  anything  in  the  recited  Acts  or  any  of  them  to  the  contrary,  it  shall  be 
lawful  to  fish  for  and  take  herrings  and  herring  fry  at  all  placoH  on  the  coastfl  of  Scotland 
in  any  manner  of  way,  and  by  means  of  uny  kind  of  net  having  menhen  of  a  size 
not  less  than  that  now  jK'nuitted  or  required  by  law,  and  to  sell,  buy,  or  have  in 
possession  herrings  or  herring  fry  so  fished  for  and  taken  ;  and  in  lieu  of  the  larger 
l>eualties  imi)Osed  by  the  recited  Acts,  or  any  of  them,  upon  persons  using  nets  having 
meshes  of  a  size  less  than  that  now  i»erinittcd  or  required  by  law,  shall  for  every  such 
offence  be  liable  in  a  penalty  of  not  loss  than  five  pounds,  and  not  exceeding  twenty 
pounds,  together  with  the  forfeiture  of  the  net."  By  the  Sea  Fisheries  Act,  1868  the 
suctions  in  the  Acts  of  1851,  1860,  and  1861,  affecting  seine-net  fishing,  were  repealed. 

II  Report  for  1867,  p.  6. 

^,Ihid,  1868,  p.  4  ;  1871,  p.  4  ;  1874,  p.  5;  1875,  p.  3. 
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were  Mr.  Frank  Bucklniul,  Mr.  (now  Sir)  Spencer  Wiilpole,  and  Mr. 
Archibald  Young.  The  herring  fishing  in  Tx>ch  Fyne  had  greatly  fallen 
off  in  the  years  187:^-1875,  averaging  in  that  period  only  9889 
ban-els,  agjiinst  an  average  of  34,655  baiTels  for  the  preceding  four 
years,  1868-1871,  the  ftitch  in  1874  amounting  to  only  6934  Iwiri-els. 
The  diift-net  fishermen  of  Loch  Fyne  accordingly  petitioned  that  the 
use  of  the  seine  net  in  the  herring  fishery  should  be  prohibited  at 
all  times  and  places  within  a  line  drawn  l)etween  the  Mull  of  Gallo- 
way and  the  Mull  of  Cantyre ;  and  much  evidence  for  and  against 
that  mode  of  fishing  was  brought  forward.  The  Commission  came  to 
the  same  conclusion  as  the  previous  Commissions  of  1^56,  1862,  and 
1863.  "  We  think,  then,"  they  said,  "that  trawling  involves  little,  if 
any,  moi-e  waste  than  drift-net  fishing ;  that  trawl  fishermen  are  not 
much  more  noisy  than  drift-net  fishennen;*  and  we  hesitate  to 
recommend  the  Legislature  to  put  down  a  mode  of  fishing  which  is 
admittedly  economical,  for  the  sake  of  securing  an  indefinite  object 
which  is  by  no  means  cei-tain  of  attainment."t  But,  like  the  previous 
Commissions,  they  recommended  that,  "  as  a  mere  matter  of  police, 
it  is  desirable  to  prohibit  the  use?  of  trawl  nets  (seine  nets)  in  Loch 
Fyne  above  Otter  Spit,  and  to  give  the  Secretaiy  of  State  the  power 
to  prohibit  the  use  of  ti'awl  nets  in  other  narrow  waters  less  than 
one  mile  wide."  X 

The  question  of  the  hen-ing-seine  was  again  brought  before  the 
Committee  of  the  House  of  Commons  appointed  in  1893  to  consider 
the  expediency  of  adopting  measures  for  the  improA'ement  of  the  Sea 
Fisheries.§  The  Committee  did  not  make  any  specific  recommendatior, 
but  in  the  Sea  Fisheiies  Regulation  (Scotland)  Act  of  1895,  ||  power 
was  given  to  the  Fishery  Board,  by  bye-law  or  bye- laws,  to  prohibit 
seine  trawling  in  any  area  or  areas  within  the  limits  specified  in 
Section  6  of  the  Herring  Fishery  (Scotland)  Act,  1889,  or  in  the 
schedule  annexed  to  that  section.  Anyone  conti^avening  such  bye-law 
is  made  liable  to  a  fine,  and  every  net  so  set,  or  attempted  to  be  set, 
may  be  seized  and  foifeited.  The  powei-s  conferred  by  this  Act  do  not 
provide  tlie  same  facilities  for  suppressing  this  mode  of  fishing  as  were 
furnished  by  the  abortive  Acts  of  1851  and  1860,  both  of  which  were 
found  to  be  unworkable.^  The  power  of  seizing  nets  was  pi*ovcd  to  be 
ineffective  in  Lochfyne  at  least. 

In  1893,  owing  to  complaints  by  Ayrshire  fishermen  that  the  use 
of  the  seine  net  was  injurious  to  the  herring  fishery  at  Ballanti-ae 
Bank,  an  enquiry  was  held  at  Girvan  by  Mr  Esslemont,  the  late  Chair- 
man of  the  Fishei-y  Board,  and  it  was  airanged  that  an  investigation 
should  be  made  as  to  the  action  of  the  seine  net  on  that  spawning 
ground.  As  already  stjited,  the  fishing  in  each  year,  until  last  year, 
was  a  failui-e,  and  the  investigation  could  not  be  made.  More 
recently  complaints  were  made  by  the  drift-net  fishermen  of  Loch  Fyne 
that  seine-tniwling  was  proving  detrimental  to  the  herring  fishery  thei'e, 
and  the  two  areas  have  been  investigated  together. 

The  Methods  of  Fishing. 

The  modes  by  which  the  herring-fishing  is  C4iri  ied  on  in  the  Clyde  are 
three  in  number,  namely — by  the  drift  net,  the  seine  net,  and  the  set  or 

*The  nolne  mado  by  tho  aoiiiers  when  working  was  alleged  to    frighten  away    the 
lierriiigrt. 
t  Report  on  the  Herring  Fishorios  of  Scotland,     xxxii.  (1878). 
*  Ihid. 

§  Ileport  of  Committee,  p.  319. 
i  58  k  :'.9  Vict.  c.  42.  s.  9. 
i:  VUlf  p.  245. 
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gi*ound  net,  locally  known  as  a  "  trammel."  The  latter  are  chiefly  used 
at  Ballanti"ae  Bank  and  the  Ayrshire  coast,  but  they  are  also  employed 
to  a  small  extent  in  other  localities.  Many  fishermen  make  use  of  more 
than  one  mode ;  it  is  common  for  the  drift  net  and  the  seine  net  to  be 
employed  by  the  same  crews  at  different  times,  according  to  circum- 
stances ;  the  former  especially  when  the  hen-ings  are  scattered,  the 
latter  when  they  are  densely  aggregated.  Each  drift-net  boat  in  Loch 
Fyne  is  worked  by  usually  three,  sometimes  only  two,  men.  The  nets 
n*ay  number  from  ten  or  twelve  to  eighteen  or  more  in  the  train  or 
fleet;  the  meshes  range  from  about  31  to  34  in  a  yard,  and  the  complete 
nets  may  cost  £80,  while  the  seine  net  is  much  cheaper,  costing  from 
£20  to  £30  or  £34.  The  drift  net  is  used  in  the  familiar  way,  floating 
or  drifting  as  a  wall  of  netting  towai*ds  the  sui-face  of  the  sea,  at  a 
depth  which  dej)ends  upon  the  length  allowed  to  the  buoy-i-opes,  and 
which  may  extend  to  thirty-five  or  forty  fathoms  from  the  surface.  The 
seine,  or  so-called  "  trawl,"  is  said  to  have  been  first  used  in  Loch  Pj^ne 
in  1838,  and  was  then  improvised  from  a  drift-net.  It  is  about  \fiO  to 
180  yaixls  in  length  when  mounted  ready  for  use,  and  of  the  same  depth 
throughout,  which  may  be  as  much  as  twenty  fathoms,  or  120  feet,  fi*om 
top  to  bottom.  It  has  no  "  cod  "  or  pocket,  but  the  centi'al  pai-t,  which 
is  called  the  bag,  difiers  in  having  somewhat  smaller  meshes  than  the 
sides  or  wings,  ranging  about  35  or  36  to  the  yaiti,  and  they  are  made 
of  stronger  twine,  since  the  pressure  is  gi'eatest  on  this  part  of  the  net 
when  it  is  l)eiug  hauled.  In  the  wings  or  sides  the  meshes  are  about  33 
to  35  to  the  yard.*  The  rope  along  the  upper  edge  of  the  net  is  corked 
at  intervals  of  about  two  feet,  and  the  sole  rope  is  weighted  at  intervals 
with  leaden  sinkers,  so  that  the  net  when  in  use  floats  perpendicularly, 
the  upper  e<lge  being  at  the  sui*face.  The  bottom,  or  di-aw-rope,  by 
which  the  net  is  hauled,  may  be  from  200  to  300  fathoms  in  length. 
While  the  drift  net  is  managed  by  three  men  from  one  boat,  the  seine 
employs  two  lx)ats  with  four  men  in  each,  or  eight  in  all.  The  seine 
may  be  used  from  the  shore  and  in  shallow  Avater  as  in  ordinary  ground- 
seining,  and  is  then  termed  "  scringing  "  ;  in  such  cases  the  net  sweeps 
the  bottom,  and  ground  fishes,  as  plaice  and  dabs,  may  be  captured.  It 
is  also  used  in  deep  water  when  the  lower  edge  of  the  net  is  far  distant 
from  the  bottom,  and  this  is  termed  "  ringing  "  or  "  circling."  The 
mode  of  shooting  and  hauling  is  as  follows  : — VVhen  hen*ings  are  found 
one  of  the  two  boats  passes  one  end  of  the  rope  to  the  other  boat  (which 
remains  stationary),  and  then  moves  away  paying  out  the  net  as  it  goes, 
and  after  making  a  wide  sweep  or  circle  returns  to  the  stationary  boat. 
The  net  is  then  hauled  by  the  crews,  care  being  taken  to  prevent  the 
enclosed  herrings  from  striking  downward  and  escaping  by  drawing  the 
lower  edge  of  the  net  under  thom  as  the  circle  contracts,  and  this  edge 
being  brought  on  board,  the  herrings  are  contained  in  a  bag  formed 
by  the  breadth  of  the  net,  and  are  thus  brought  to  the  suiface.  They 
are  then  scooped  out  with  baskets  into  the  boat.  A  A*arying  number  of 
herrings  are  also  meshed  in  attempting  to  make  their  way  out  through 
the  meshes.  Enormous  hauls  of  herrings  are  sometimes  t^iken  with 
these  seines,  amounting,  it  may  be,  to  over  200,000  fish,  and  the  value 
of  a  single  catch  may  reach  several  hundred  pounds.  The  nets 
occasionally  burst  from  the  mass  of  fi^h  enclosed.  On  the  other  hand, 
long  inten^als  may  elapse  before  a  profitable  haul  is  secured. 

•The  following  particulars  are  ^ven  by  one  of  the  makers  :— Ai^— 50  yards  long,  40 
score  meshes  deep,  30  rows  to  yard,  42/12  ply  cotton.  Shoulder— *lo  yards  long  on  each 
side  of  bag,  40  score  meshos  deep,  35  rows  to  the  yai-d,  45/12  ply  cotton.  Wingt — 75 
}  ards  on  each  side  of  shoulder,  40  score  meshes  doup,  35  rows  to  the  yard,  4(^9  ply 
cotton.  The  whole  length  U  250  yards,  which,  when  set  up  in  ropes,  will  hang  about 
180  yards. 
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The  so-called  "  titimmel "  is  not  a  trammel,  but  a  simple  set  or  ground 
net.  It  consists  essentially  of  a  strip  of  drift  net,  sixty  to  eighty 
meshes  deep,  the  upper  rope  being  corked  and  the  lower  weighted  at 
intervals  with  stones,  eacli  end  being  anchored  and  its  position  indicated 
by  a  buoy.  The  net  thus  stands  erect  in  the  water  close  to  the  bottom 
and  rising  six  or  seven  feet  above  it ;  it  is  placed  acrops  the  tide.  Two 
trains,  each  of  about  240  fathoms  in  length,  are  usually  employed  by 
each  boat,  and  tlie  meshes  range  about  32  to  34  to  the  yard.  This 
mode  of  fishing  is  effective  on  spawning  grounds  in  comparatively 
shallow  water,  as  at  Ballnntrae  Bank,  the  heriings  at  the  spawning 
season  keeping  close  to  the  bottom  while  engaged  in  the  deposition  and 
fertilisation  of  the  eggs.  The  "tmmmels"  are  left  to  fish  in  the  sea 
from  day  to  day,  the  fisheimen  at  Ballantrae  visiting  them  each 
morning,  if  the  weather  permits,  when  they  are  lifted,  the  herrings 
removed  from  them,  and  again  set.  In  stormy  weather  the  nets  may 
not  be  visited  for  several  days ;  they  are  not  infrequently  driven  away 
in  heavy  gales. 

The  operations  of  the  three  modes  of  fishing  in  relation  to  the  capture 
of  immature  herrings  or  the  destruction  of  the  deposited  spawn  of 
herring  are  these — (1)  the  drift  net  floats  freely  in  the  water  towards 
the  suiface  or  near  it,  with  the  meshes  open,  and  the  herrings  in  darting 
through  the  water  run  against  it.  Small  herrings,  as  those  under  six 
and  a  half  inches  or  thereabout,  and  many  somewliat  larger,  pass 
through  the  meshes  and  escape  being  caught,  but  the  larger  herrings 
are  meshed,  usually  behind  the  gills ;  very  large  herrings  may  not  be 
meshed,  or  only  insecurely  by  the  head.  The  drift  net  is  therefore  not 
adapted  to  capture  very  small  herrings,  and  it  secures  a  greater 
uniformity  in  the  size  of  the  fish  caught  than  is  the  case  with  the  seine 
net.  The  drift  net  is  set  in  the  evening  and  hauled  at  a  varying  hour 
in  the  morning — in  Loch  Fyne  usually  about  3  a.  m. — and  the  herrings 
caught  may  be  alive  or  dead  according  to  the  time  they  were  meshed,  and, 
still  more,  according  to  the  state  of  the  sea.  The  buoys  at  the  surface 
suspending  the  net  rise  and  fall  with  the  waves,  and  in  a  rough  sea 
the  upward  jerk  given  to  the  net  proves  fatal  to  many  of  the  herrings. 
Drift-net  fishing  can  scarcely  ever  affect  deposited  spawn. 

(2)  The  seine  net  when  being  hauled  must  also  have  the  meshes  for  the 
most  part  open,  as  has  been  shown  to  be  the  case  with  the  beam-trawl  net ; 
but  the  strain  at  certain  parts  must  tend  to  contract  the  aperture.  In 
the  ordinary  course  of  fishing  numbers  of  small  herrings  enclosed  in  the 
seine  must  make  their  escape  through  the  meshes,  and  many  larger 
herring  are  frequently  meshed  in  this  way.  When,  however,  a  large 
mass  of  fish  is  encircled,  it  is  evident  that  comj)aratively  few  of  the  small 
herrings  which  may  be  enclosed  can  escape  dunng  the  time  taken  to 
haul  the  net.  In  the  cases  that  came  under  observation  the  heriings 
caught  by  the  seine  were  as  a  rule  alive  and  vigorous  when  the  net  was 
hauled.  Tlie  seine  net  from  its  mode  of  operation  is  therefore  adapted 
to  capture  greater  quantities  of  young. and  immature  henings  than  the 
drift  net.  And  since  the  lower  leaded  ed<^e  of  the  seine  may  reach  to  a 
depth  of  18  or  20  fathoms,  and  in  shallow  water  is  dragged  along  the 
bottom,  its  action  on  a  spawning  ground  within  its  reach  must  disturb 
to  some  extent  and  to  a  less  extent  desti-oy  herring  spawn  deposited 
there. 

(3)  The  set  net  or  ^^  trammel ''  fishes  in  the  same  manner  as  the  drift  net, 
the  herrings  being  meshed  by  their  own  movements  inswin^ming  about ; 
and  the  smaller  herrings  escape  capture  by  passing  through  the  meshes. 
When  used,  as  at  Ballantrae  Bank,  on  a  spawning  ground,  a  certain 
amount  of  deposited  spawn  must  be  disturbed  or  injured  in  the  process 
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of  hauling  and  setting  the  net.  It  is  a  common  occurrence  to  find  the 
stones  used  for  anchoring  the  nets,  the  ropes,  and  even  the  meshes  of 
the  net,  covered  with  spawn  deposited  upon  them  while  lying  at  the 
bottom. 

Loch  Pyxe. 

The  great  herring  fishing  in  Loch  Fyne  extends  from  the  beginning 
of  June  to  the  close  of  the  year,  and  is  carried  on  by  a  large 
number  of  drift-net  and  seine-net  boats.  By  far  the  greater  part 
of  the  herrings  caught  are  sold  at  sea  to  the  carrying  steamers 
which  frequent  the  fishing  grounds  and  take  the  fish  for  the 
most  part  to  Glasgow  for  the  early  markets.  The  investigations  in 
Loch  Fyne  were  carried  on  in  the  months  of  June,  July,  August,  Sep- 
tember, October,  and  December  during  the  seasons  of  1897  and  1898. 
The  principal  points  of  the  enquiry  concerned  the  alleged  wasteful  destruc- 
tion by  the  seine  of  small  immature  herrings  and  of  herring  spawn. 
When  the  "  Gkirland  "  was  in  Loch  Fyne  the  seine  boats  were  boarded 
at  various  parts  of  the  loch  when  they  were  hauling  their  nets  or  had 
just  hauled  them,  and  the  catches  examined  and  sampled  ;  and  by  going 
on  board  the  carrying  steiimei-s  when  the  boats  were  transferring  their 
catches  at  night  or  in  the  early  morning.  When  the  "  Garland  "  was 
not  available  the  night  was  spent  on  the  steam  caniers,  and  the  herring 
boats  visited  by  means  of  the  buyer's  boat,  the  catches  being  examined 
and  sampled.  On  other  occasions  part  or  all  of  the  night  was  spent  on 
board  the  fishing  boats.  In  the  course  of  the  enquiry  the  catches  of 
many  hundreds  of  boats,  amounting  to  several  thousand  boxes  and  some 
millions  of  fish,  were  thus  examined,  special  attention  being  paid  to  the 
presence  of  young  immature  herrings  among  them.  The  samples  taken 
were  measm-ed,  and  the  condition  of  the  reproductive  organs  and  the 
nature  of  the  food  in  the  stomachs  ascertained. 

The  successive  shoals  of  heiTings  which  enter  T>och  Fyne  are  attracted 
thither  by  the  wealth  of  the  pelagic  food  which  exists  there  in  the 
summer,  and  from  which  they  derive  their  peculiar  excellence.  It  was 
found  that  the  herrings,  especially  in  the  eailier  part  of  the  season,  fed 
for  the  most  part  on  copepoda,  almost  exclusively  on  Ccdanus 
finmarclticus,  which  is  rich  in  oil  and  extremely  abundant;  and  later,  on 
the  schizopod  crustacean  Nyctiphan^  twi'vegica^  and  also  on  the  young 
of  their  own  species,  which  sometimes  form  a  considerable  part  of  their 
food.  In  some  hauls  twelve  per  cent.,  or  more,  of  the  stomachs  of  the 
larger  hemngs  examined  contained  young  herrings  ranging  from 
1|  inches  to  2i|  inches  in  length,  and  numbering  in  a  given  stomach 
from  one  to  six.  Young  herrings  of  the  sizes  indicated,  as  well  as  larger 
individuals,  were  also  found  in  the  stomachs  of  bottom  white  fish 
caught  in  the  beam-trawl  net  of  the  "  Garland  "  in  Loch  Fyne,  e,g,  in 
saithe,  codling,  gurnards,  and  long  rough  dabs.  Such  young  herrings 
were  also  found  in  the  stomachs  of  mackerel  caught  in  the  herring  ne^. 
The  loch  is  thus  undoubtedly  frequented  by  shoals  of  quite  small 
herrings,  such  as  are  stated  to  be  sometimes  caught  and  destroyed  by 
the  seine  net,  and  it  was  proved  that  they  may  be  found  at  the  bottom, 
as  well  as  at  the  surface,  to  depths  of  at  least  74  fathoms.  Evidence  of 
the  erratic  movements  of  the  shoals  in  connection  with  their  food  supply 
was  also  obtained.  It  was  sometimes  found  that  almost  all  the  herrings 
which  were  examined  from  one  and  the  same  haul  had  no  food  in  their 
stomachs;  in  other  cases  in  the  same  neighbourhood  the  opposite 
occurred,  almost  all  the  herrings  examined  from  a  haul  containing  food. 
In  one  of  these  cases  where  the  herrings  were  caught  near  the  surface 
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by  drift  nets  in  the  neighbourhood  of  Skate  Island,  at  the  mouth  of  the 
loch,  and  the  food  consisted  almost  entirely  of  Nyctiphatiea^  a  series  of 
tow-nettings  was  made  from  the  "  Garland,"  which  showed  that  this 
form  was  quite  absent  from  tlie  stratum  above  fifty  fathoms ;  at  fifty 
fathoms  a  few  were  caught,  wliile  the  tow-net  fishing  at  70  fathoms 
brought  up  about  a  quart.  The  irregularity  of  the  catches  is  partly 
accounte<l  for  in  this  way,  small  shoals  feeding  nei^r  the  bottom  in  deep 
water,  beyond  the  reach  of  drift  or  seine,  and  then  moving  up  towards 
the  surface.  In  expeiiments  which  were  made  from  the  "  Garland  "  in 
the  deepest  water  in  Loch  Fyne,  by  sinking  a  large  ti*ap,  constructed  on 
the  principle  of  a  crab-pot,  to  the  bottom,  herrings  were  procured  from 
a  depth  of  107  fathoms,  or  642  feet.  The  depth  of  the  water  in  Loch 
YyuQ  below  the  stratum  in  which  the  herring  nets  can  be  worked,  and 
the  abundance  of  food  material  in  the  deepest  lay  ens  (which  are 
frequented  by  the  herrings),  no  doubt  partly  account  for  the  [main- 
tenance from  season  to  season  of  a  considerable  fishery  there,  notwith- 
standing the  extensive  fishing  opei-ations  that  are  carrieil  on.  In  other 
lochs  on  the  west  coast  the  fluctuations  are  far  greater  and  are  sometimes 
phenomenal. 

The  examination  of  the  reproductive  organs  also  emphasised  the 
importance  of  the  loch  as  a  feeding  ground  and  the  mixture  of  herrings 
of  different  degrees  of  maturity,  diuwn,  no  doubt,  from  many  quarters 
in  the  neigh]x)uring  seas.  The  great  majority  were  immature,  with 
developing  milt  or  roe,  extremely  few  rij^e  herrings  being  found,  and 
these  for  the  most  part  males.  Although  it  is  known  that  some  herrings 
spawn  in  Loch  Fyne  in  July  and  August  and  later  in  the  year,  it  is 
evident  that  the  great  bulk  of  the  shoals  leave  the  loch  and  spawn 
outside,  probably  to  a  large  extent  in  comparatively  deep  water  in 
Kilbrennan  Sound.  It  is  generally  believed  by  Loch  Fyne  fishermen 
that  Ballantrae  Bank  forms  a  spawning  ground  for  the  herrings  that 
frequent  the  loch,  but  the  evidence  in  favour  of  this  view  is  far  from 
conclusive.  It  was  also  found  that  the  degi*ee  of  matunty  of  the  repro- 
ductive organs  varied  very  gi-eatly  among  heiTings  of  about  the  same 
size,  and  caught  at  the  same  period  and  place.  The  following^are  a  few 
examples : — 


Length'  in 

T           1 

Weight, 

Weight  of  Roe, 

Condition  of  Eggs. 

Inches. 

grammes. 

grammes. 

11-6 

240-8 

58-6 

Almost  ripe. 

11-5 

218-4 

4-5 

Quite  immature. 

10-0 

131-8 

10-0 

Half  developed. 

12-3 

292-3 

9-4 

Immature. 

13-5 

340-0 

73-8 

Ripe. 

10-7 

179-9 

30-2 

Almost  ripe. 

10-6 

1750 

1-3 

Immature. 

The  loch  is  thus  a  gi-eat  feeding  phice  for  divei-se,  more  or  less  mixed, 
shoals,  comprising  herrings  of  all  sizes  from  a  little  over  an  inch  to  over 
thirteen  inches  in  length,  which  must  reach  maturity  and  spawn  at  a 
different  period  of  the  year.  This  mixed  quality  of  the  herrings  was 
frequently  shown  in  eicamining  the  catches  taken  by  the  nets.  In  all 
cases  considerable  range  of  sizes  was  found  amongst  those  taken  in  the 
same  haul,  although  the  degree  of  admixture  varieil.     Sometimes  almost 
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all  were  large  and  of  fine  quality,  with  little  admixture  of  herrings  of 
the  smaller  sizes.  In  other  cases  thei*e  was  a  considerable  mixture  of 
the  smaller  henings.  In  other  instances  all  the  herrings  were  small. 
Hauls  made  by  different  boats  working  near  one  another  not  unfrequently 
showed  this  diversity.  Sometimes  the  larger  and  better  herrings  were 
caught  in  diift  nets,  while  seine  boats  working  in  the  neighbourhood 
got  very  inferior  fish.  As  has  been  stated,  the  largest  and  smallest 
herrings  found  in  the  hauls  were  measured,  and  an  estimate  was  made 
of  the  preponderating  or  average  size  of  the  herrings  in  the  catch.  The 
smallest  herrings  found  among  the  drift-net  fish  examined  were  seven 
inches  in  length,  and  the  smallest  found  among  the  seine-net  fish 
examined  were  five  and  a  half  inches.  It  was,  however,  not  uncommon 
to  find  heiriugs  ranging  from  six  to  eight  inches  among  the  seine-net 
catches.     Tlie  details  of  some  of  the  hauls  are  as  follows : — 


No.  of  Boxes 

Net. 

of  Herrings 

Smallest. 

Tiargest. 

Average. 

Caught. 

Seine 

21 

H 

10| 

H 

» 

38 

H 

IV' 

9 

« 

100 

&\ 

lOj 

8i 

>» 

20 

H 

10| 

9 

»> 

30 

n 

11 

4 

»> 

16 

H 

H 

H 

»> 

131 

8 

12| 

^i 

£ 

n 

94 

H 

13| 

10 

*> 

246 

8 

13| 

H 

>» 

20 

H 

10 

9 

>» 

9 

7 

H 

H 

»> 

5 

H 

12| 

10 

» 

5 

^ 

9 

7-8 

>> 

6 

9 

13 

lOi 

Drift 

20 

8 

13 

^0 

>» 

18 

7i 

11 

H 

» 

10 

8-! 

12| 

10 

»> 

6 

8| 

Hi 

H 

» 

3 

8| 

13i 

lOi 

)i 

7 

H 

12 

9-10 

It  is,  however,  stated  that  the  seine  net  frequently  takes  large 
quantities  of  smaller  herrings  than  those  indicated,  and  that  these  are 
thrown  back  into  the  sea  ;  and  also  that  large  bodies  of  small  unmarket- 
able herrings  may  be  enclosed  by  the  seine,  and  although  not  removed 
from  the  net  may  be  suffocated  and  destroyed  in  large  numbers  before 
they  are  allowed  to  escape.  Such  cases  did  not  come  under  personal 
observation,  but  there  is  no  doubt  that  large  bodies  of  small,  immature, 
and  unmarketable  herrings  are  occasionally  enclosed  by  the  seine  and 
hauled  to  the  boat.  The  seiners  say  that  in  such  instances,  when  the 
nature  of  the  catch  is  ascertained,  the  net  is  loosed  and  the  herrings 
allowed  to  escape,  and  that  they  escape  alive,  and  can  be  seen  to  do  so. 
The  drifters  assert  that  in  many  cases  the  herrings  are  suffocated  and 
destroyed  and  sink  to  the  bottom  dead.  It  is  quite  likely  that  this 
happens  to  some  extent  when  a  large  body  is  encii'cled  and  a  consider- 
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able  time  elapses  before  the  net  is  hauled.  But  it  does  not  appear  to 
be  a  frequent  occurrence,  so  far  as  could  be  ascertained  by  careful 
enquiry,  and  from  the  circumstance  that  the  fishery  officer  of  the  district, 
who  was  rec^uested  at  the  commencement  of  last  seaiion  to  notify  when 
cases  were  repoi-ted  of  the  destruction  of  large  quantities  of  small 
herrings  by  the  seine  net,  so  that  the  "  Garland,"  which  was  working  in 
Loch  Fyne  and  in  the  Clyde  last  year,  might  trawl  over  the  ground  for 
the  dead  herrings  which  had  fallen  to  the  bottom,  did  not  communicate 
any  such  case.  In  the  ordinary  use  of  the  seine  net  it  would  be  some- 
times difficult  to  avoid  encircling  a  body  of  small  fish,  but  it  is  obviously 
not  to  the  interest  of  the  seine-net  fishermen  to  do  so,  because  the 
labour  of  shooting,  and  especially  of  hauling,  the  net  is  very  consider- 
able ;  and  when  the  **  fire  "  in  the  water  is  strong  the  men  are  usually 
able  to  tell  whether  the  herrings  are  too  small  to  be  worth  the  trouble  of 
shooting  the  net.  One  of  the  chief  signs  of  the  presence  of  herrings, 
much  relied  on  in  dark  nights,  by  which  the  fishermen  are  guided  in 
putting  out  their  seine,  is  what  they  term  "fire,"  or  "firing"  or 
"  burning " — i.e.,  the  luminous  flash  or  trail  caused  by  the  hemng 
darting  through  water  containing  phosphorescent  organisms,  especially 
when  suddenly  disturbed ;  and  while  the  boat  sails  about  in  quest  of 
fish  one  of  the  crew  is  stationed  at  the  bow,  peering  into  the  water  and 
striking  the  front  of  the  bi>at  at  short  intei'vals  with  a  mallet,  or  by 
letting  the  anchor  fall  on  the  gunwale,  to  stai-t  the  heirings  in  the  water 
below.  There  are  other  signs,*  but  this  is  a  veiy  common  one ;  and  it  is 
stated  that  when  the  "  tire  is  strong"  the  fishermen  can  tell  not  only  the 
approximate  depth  and  abundance  of  the  herrings  but  their  approximate 
size.  On  one  of  the  niglits  I  spent  on  board  a  heiring  boat  the  time 
was  ])assed  as  above  described,  without  the  net  being  once  shot,  because 
the  heiTings  were  judged  to  be  too  small  to  warrant  the  trial.  The 
men,  it  may  be  stilted,  were  unaware  of  the  object  of  the  visit.  But 
when  the  "  fire ''  is  not  "  strong,"  or  when  other  signs  have  to  be 
depended  on,  it  must  liappen  that  bodies  of  small  herrings  are  some- 
times encircled  in  the  way  described  ;  and  when  the  net  is  brought  to 
the  side  and  the  nature  of  the  catch  discovered  the  net  is  slacked  and 
the  heriings  set  free.  In  other  cases,  no  doubt,  these  smaller  herrings 
are  mingled  with  marketable  fish  which  are  secured  and  the  rest 
discarded. 

Another  allegation  against  the  seine  net  is  that  by  its  bursting  when 
a  dense  Ixxiy  of  fiish  is  encircled,  or  when  it  is  impossible  to  remove  all 
the  herrings  enclosed,  large  quantities  of  dead  herrings  sink  to  the 
bottom  and  cause  pollution  of  the  water,  so  that  the  herrings  desert  the 
spot,  and  may  even  do  so  in  future  seasons.  It  is  not  uncommon  for 
rupture  of  the  net  to  take  place  under  the  circumstances  mentioned,  and 
in  such  cases,  especially  if  a  considerable  time  has  elapsed,  many  of  the 
heirings  are  dejid.  In  other  cases  heirings  may  be  thix)wn  overboard 
when  they  aie  found  to  be  unsaleable  owing  to  their  inferior  quality  ; 
this  often  depends  upon  the  quantity  of  larger  fish  which  may  be  secured 
earlier  in  the  ni^ht.  The  same  thing  may  happen  with  drifterb  also, 
and  drift  nets  are  sometimes  lost  owing  to  the  weight  of  fish  they 
contain.  In  one  ca.se  which  occurred  near  the  heiui  of  the  loch  the 
"  (Garland  "  aftei-waixls  trawled  over  the  ground  with  a  fine-meshed  net. 
In  three  hauls  48  dejid  and  decomposing  heirings  were  brought  up,  all 

bubbles  of  gas  or  **air  " 

tpcorance  on  the  surface, 

when  the  herrings, 


*  E.^f.,  "Frying"  or  "bubbling,"  caused  by  the  rising  of  bubbl 
from  the  siioalri,  aud  visible  when  iLu  weather  is  calm  ;  oily  appcara 

no  doubt  due  to  excrenientitiou.s  matters  ;  "playing"  on  the  surface,  — o-, 

}>robably  i>an»ued  by  enemies,  rihe  to  the  surface  and  move  swiftly,  furrowing  the  water 
in  all  directions,  the  noise  produced  being  cooc  parable  to  that  caused  by  a  heavy  shower 


of  rain. 
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of  which  were  of  large  size.  Whether  or  not  such  cases — which,  as  has 
been  said,  sometimes  occur  also  with  drift  nets  and  with  trammel  nets, 
lost  from  weight  of  fish  or  stormy  weather— tend  to  prevent  herrings 
from  frequenting  the  same  grounds  when  in  shallow  water  has  been 
much  discussed  both  in  this  country  and  abroad,  and  it  is  frequently 
{issigned  as  a  cause  for  their  deseiiiion.  The  loss  of  trammel  nets 
loaded  with  fish  at  Rallantrae  Bank  has  been  cited  by  those  opposed  to 
the  use  of  the  trammel  as  a  reason  of  the  failure  of  the  fishery  there. 
But  the  explanation  is  not  generally  accepted.  In  the  instance  in  Loch 
Fyne  referred  to,  it  was  found  that  the  presence  of  the  decaying  herring 
scattered  over  the  bottom  was  not  detrimental  to  other  fishes,  for 
common  dabs,  long  rough  dabs,  plaice,  codling,  gunnel,  pipe-fishes,  and 
gobias  were  brought  up  in  the  "  Garland's  "  trawl,  as  well  as  numerous 
invei-tebrates.  The  occuiTence  must  happen  more  or  less  frequently  all 
over  Loch  Fyne  in  eveiy  season,  and  yet  the  herrings  have  returned  in 
abundance. 

It  has  been  shown  that  the  seine  net  is  adapted  to  captiure  quantities 
of  immature  herrings  that  would  not  be  caught  by  the  drift  net,  and  also 
that  it  is  probable  a  certain  quantity  of  immature  as  well  as  marketable 
heiTings  are  destroyed  by  its  normal  opei*ation  in  the  herring  fishery  ; 
and  it  has  to  be  considered  whether  these  occurrences  ai'e  likely  to  be 
detrimental  to  the  preservation  of  the  supply  of  herrings  from  Loch 
Fyne.  The  capture  of  immature  fish  is  incidental  to  all  modes  of 
fishing  and  can  hardly  be  avoided ;  but  if  it  can  be  clearly  shown  to 
occur  to  such  an  extent  as  to  cause  a  permanent  diminution  of  the 
supply  of  the  marketable  individuals,  it  is  nght  that  measures  should  be 
taken  to  deal  with  it.  So  far  as  concerns  the  herring  fishery  in  Loch 
Fyne  there  is  sufficient  proof  that  the  continued  employment  of  the 
seine  net  over  a  long  period  has  not  proved  detiimental  in  this  sense. 
Seine-net  fishing  has  been  continuously  and  legally  pursued  since 
1867,  and  hjis  gi-eatly  extended  since  that  time,  while  the  supply  of 
herrings  has  on  the  whole  increased.  According  to  the  figures  supplied 
by  the  fishery  officer  of  the  district  the  estimated  quantity  of  herrings 
caught  in  Loch  Fyne  during  each  of  the  ten  yeara  1889-1898  is  as 
follows : — 


1889. 
1890. 
1891. 
1892. 
1893. 


26,24:9  cwts. 
33,650  cwts. 
51,887  cwts. 
50,158  cwts. 
51,124  cwts. 

213,068  cwts. 


1894... 
1895... 
1896... 
1897... 
1898... 


130,721  cwts. 

63,046  cwts. 

64,422  cwts. 

183,309  cwts. 

131,918  cwts. 

573,416  cwts. 


The  total  catch  in  the  five  years  1889-1893  amounted  to  213,068 
cwts.,  and  in  the  five  years  1894-1898  to  573,416  cwts.,  or  much 
more  than  double  the  quantity.  The  quantity  caught  in  1897, 
viz.,  183,309  cwts.,  is  said  to  be  the  largest  for  a  very  long  time.  During 
these  years,  and  ever  since  the  repeal  of  the  Trawling  Acts  in  1867, 
trawling  or  seining  has  been  practised  on  a  very  large  scale  in  Loch 
Fyne  and  the  neighbouring  waters,  and  while  great  fluctuations  have 
occurred  in  different  seasons,  the  supply  has  on  the  whole  been  fully 
maintained.  Earlier  statistics,  prepared  mostly  in  connection  with  the 
various  enquiries  which  have  been  held  on  seining  for  herrings,  show  the 
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same  result.*  A  table  prepared  by  Mr.  Keiach,  the  late  Chief  Inspector 
of  the  Herring  Fishery,  for  the  Commission  of  1876  gives  information 
extending  over  a  long  period.     It  is  as  follows : — t 


Ten 
Years 
from 

Average 
Number 
of  Boats. 

Average 
Number 

of 
Bairels. 

Average 

Number 

Barrels 

per  Boat. 

Minimum 
Catch  in 
Decade. 

Maximtun 
Catch  in 
Decade. 

1827-36 
1837-46 
1847-56 
1867-66 
1867-76 

300 
350 
396 
558 
479 

3,469 

7,388 

19,949 

33,096 

25,661 

11-5 
261 
50-4 
59-3 
63-4 

1,453  (1830) 

3,225  (1839) 

10,630  (1852) 

16,151  (1864) 

6,934  (1874) 

4,898  (ia32) 

9,400  (1846) 

32,726  (1851) 

79,893  (1862) 

34,471  (1876) 

These  statistics  do  not  distinguish  between  the  quantities  of  herrings 
caught  by  the  drift  net  and  the  seine  net,  but  they  show  a  general 
increase  in  the  catch.  There  is  less  information  with  respect  to  the 
relative  numbers  of  drift-net  and  seine-net  boats  that  took  part  in  the 
fishery  in  Loch  Fyne,  except  during  the  period  from  1850  to  1862, 
when  a  return  was  prepared  for  the  use  of  the  Playfair  Commission  as 
follows : — 


Years. 

Seine  Boats. 

Drift  Boats. 

Years. 

Seine  Boats. 

Drift  Boats. 

1850 

40 

638 

1867 

121 

409 

1851 

60 

518 

1858 

143 

377 

1852 

55 

515 

1859 

122 

409 

1853 

60 

490 

1860 

90 

405 

1854 

72 

475 

1861 

84 

432 

1855 

103 

407 

1862 

772 

1856 

106 

414 

*  The  statistics  as  published  in  the  Reports  of  the  Board  of  British  White  Herring 
Fishery  are  imperfect. 

t  Report  of  Commi&sion,  p.  134.  'llie  quantities  (in  barrels)  caught  in  each  of  the 
ten  Years  from  1867  to  1876  were  these :— 40,964,  46,813,  43,088,  26,716,  22,005,  11,358, 
8,166,  6,934,  15,097,  34^471.  In  a  Table  prepared  for  the  enquiry  in  1862  {Report,  p.  8), 
the  years  are  grouped  in  different  series. 


Years. 

Barrels. 

Maximum. 

Minimum. 

1834-38 
1839-43 
1844-48 
1849-53 
1864-58 
1859-62 

17,869 
20,119 
15,427 
19,149 
25,744 
42,165 

16,560 
82,726 
81,423 
79,893 

13,816 
10,630 
16,999 
20,246 
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As  we  have  seen  (p.  242),  trawling  or  seining  was  made  illegal  in 
1851,  but  the  prohibition  was  ineifeetually  enforced,  and  was  in  abeyance 
from  1854  to  1859  ;  it  was  entirely  suppressed  in  1862.  It  would  be 
of  considerable  importance  if  statistics  were  available  for  a  period  of 
years  showing  the  number  of  seine- and  drift-net  boats  pursuing  the 
fishery,  and  the  quantity  and  value  of  the  herrings  caught  by  each 
of  these  methods  of  fishing.  That  the  number  of  seiners  has  very 
greatly  mcreased  in  proportion  to  the  drifters  is  shown  by  two  returns 
specially  prepared,  one  in  connection  with  Mr.  Esslemont*s  inquiry  in 
1 893,  and  the  other  refen*ing  to  last  year ;  and  they  also  indicate  the 
quantity  and  value  of  the  herrings  taken  by  each  class  of  fishermen. 
The  return  referring  to  Loch  Fyne  for  1893  is  as  follows : — 


Boats. 

Men. 

Herrings. 

Value. 

Drift  net, 
Seine  net. 

135 
160 

376 
640 

Orana. 
15,030 
25,760 

£ 
15,317 
25,200 

The  statistics  for  the  Invei'aray  district  in  1899  show  that  while  the 
numbers  of  both  diift-  and  seine-net  boats  have  diminished  since  1893, 
the  latter  mode  of  fishing  fully  maintains  its  preponderance.  The 
figures  are  these : — 


Boats. 

1 
Men.     i     Henings. 

1 

Value. 

Drift  net, 
Heine  net, 

105 
138 

276 
552 

Oralis. 

7,847 

23,541 

£ 

6,815 
34,074 

It  is  thus  evident  that  during  the  years  since  the  earlier  inquiries  were 
made,  the  use  of  the  seine  net  has  greatly  extended  relatively  to  the 
use  of  the  drift  net ;  while,  as  has  been  shown,  the  supply  of  herrings 
has  increased  rather  than  diminished.  The  corresponding  statistics  for 
the  adjoining  district  of  Campbeltown  for  the  same  years  exhibit  similar 
features,  the  preponderance  of  seine-net  fishing  being  as  marked  as  in 
Loch  Fyne.  The  fisheimen  of  each  district  fish  both  in  lioch  Fyne 
and  Kilbrennan  Sound. 


Boats. 

Men. 

Herrings. 

Value. 

1893. 

Crans. 

£ 

Drift  net, 

149 

447 

33,087 

24,067 

Seine  net. 

132 

594 

37,763 

31,892 

1899. 

Drift  net, 

95 

320 

4,357 

6,579 

Seine  net. 

140 

630 

27,541 

33,672 

The  [)repondei'ance  of  the  seine-net  fishing  for  herrings  in  the  Firth 
of  Clyde,  taken  as  a  whole,  is  further  shown  in  the  following  Table  for 
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the  years  1893  and  1899,  which  also  includes  particulars  respecting 
the  trammel -net  fishery — a  method  which  is  for  the  most  part  restricted 
to  the  coast  of  Ayrshire : 


Boats. 

Men. 

Herrings. 

Value. 

1893. 

Crans, 

£ 

Drift  net, 

436 

1,279 

53,348 

45,440 

Seine  net, 

352 

1,474 

63,854 

57,449 

Trammel  net, 

79 

250 

695 

693 

1899. 

Drift  net, 

404 

1,262 

15,965 

18,009 

Seine  net. 

328 

1,382 

54,059 

70,325 

Trammel  net. 

22 

74 

757 

751 

Thus  in  1 893,  in  the  whole  area  of  the  Clyde,  there  were,  according 
to  the  returns  of  the  Fishery  Officers,  436  boats  and  1272  men 
employed  in  drifting  for  herrings,  and  352  boats  and  1474  men 
employed  in  the  seine-net  fishing.  The  herrings  landed  by  the  seine- 
net  boats  exceeded  those  of  the  drift-net  boats  in  quantity  by  10,506 
crans  and  in  value  by  £12,009.  The  average  price  of  seine-net  herrings 
was  about  18s.  per  cran,  and  of  drift-net  herrings  17s.  0|d.  per  cran. 
Moreover,  the  average  catch  per  boat  of  the  drifters  was  122*3  crans,  and 
the  average  earnings  £104  4s.  5d.;  while  the  average  catch  of  the  seine- 
net  boats  was  181*4  crans,  and  the  average  earnings  £163  48.  2d.  The 
average  catch  per  man  of  the  drifters  was  41*7  crans,  and  the  earnings 
£35  10s.  6d.,  as  against  an  average  catch  by  the  seiners  of  43*3  crans 
and  earnings  of  £38  19s.  6d.  per  man.  In  1899  the  difference  in  favour 
of  the  seiners  was  more  marked.  While  the  404  drift  boats  landed 
only  15,965  crans  of  herrings  of  the  value  of  £18,009,  the  328  seine 
boats  landed  54,059  crans,  valued  at  £70,325.  There  was  thus  an 
excess  in  favour  of  the  seiners  of  38,094  crans  and  £52,316.  The 
average  catch  and  earnings  rose  also  in  proportion. 

It  is  therefore  evident  that  the  seine-net  fishing  for  herrings  has 
grown  to  be  of  very  considerable  importance  in  the  Clyde,  and  that  it 
has  largely  increased  relatively  to  drift-net  fishing  since  the  time  when 
it  was  alleged  to  be  ruining  the  Loch  Fyne  herring  fishery,  and  the 
Trawling  Acts  were  passed  to  suppress  it ;  while,  at  the  same  time,  the 
supply  of  herrings  for  the  consumer  has  been  fully  maintained. 


Ballantras  Bank. 

It  has  already  been  stated  that  in  consequence  of  complaints  made  by 
Ayrshire  fishermen  against  the  use  of  the  seine  net  on  that  coast,  and 
especially  at  Ballantrae  Bank,  an  enquiry  on  the  subject  was  held  at 
Girvan  in  1893.  Seine-net  fishing  was  alleged  to  be  wasteful  and 
injurious  on  the  following  grounds: — 1.  That  it  involves  the  capture  of 
large  quantities  of  immature  herrings,  which  when  brought  to  shore  are 
found  to  be  practically  of  no  use  except  for  manure  ;  and  that  in  addition 
large  quantities  of  immature  herrings  are  smothered  in  the  seine  nets, 
and  fall  to  the  bottom  and  are  lost.  2.  That  it  is  an  irregular  mode  of 
fishing  in  the  sense  that  on  one  day  a  huge  catch  may  be  obtained, 
which  gluts  the  market,  while  on  the  next  day  no  herrings  may  be 
caught.     3.  That  it  "  breaks  the  eye  of  the  herring  "  or  "the  head  of 
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the  shoal " — i.e.,  it  breaks  up  and  scatters  the  shoals,  diverting  them 
from  their  course  to  the  spawning  grounds.  4.  When  prosecuted  on  the 
spawning  gi-ound — Ballantrae  Bank — it  disturbs  the  herring-spawn  on 
the  bottom,  and  destroys  it.  5.  That  it  cannot  be  beneficially  canied  on 
alongside  the  trammel-net  fishing,  because  it  damages  the  trammel  nets 
in  the  same  way  as  beam  trawling  damages  the  lines  and  nets  of  other 
fishermen  ;  and  that  since  ti*ammel-net  fishing  is  the  old  and  native 
mode  of  fishing  on  Ballantrae  Bank,  and  seine  trawling  was  introduced 
by  stranger  fishermen  and  is  pi-osecuted  by  them  only,  it  should  be  pro- 
hibited during  the  months  of  Februaiy  and  March.  It  was  decided  that 
an  investigation  should  be  made  at  Ballantrae  Bank  on  the  action  of 
the  seine  net,  with  especial  reference  to  the  alleged  destruction  of  the 
deposited  spawn  of  the  hemng  and  the  capture  or  destruction  of  imma- 
ture herrings.  AiTangements  were  accordingly  made  in  each  year  to 
cany  out  this  investigation,  but  owing  to  the  repeated  failure  of  the 
fishing  very  few  seine-net  boats  can'ied  on  their  operations  there,  and 
the  observations  could  not  be  made  until  List  year  and  this,  when  the 
herrings  returned  to  the  bank  in  considerable  numbers,  and  seine-net 
fishing  was  resumed.  The  work  has  been  materially  assisted  by  Mr.  R. 
Duthie,  the  fishery  officer  of  the  distiict,  who  has  at  various  times 
given  valuable  aid  to  the  enquiiy. 

The  herring  fishery  at  this  part  of  the  coast  is  very  different  from 
what  it  is  in  Loch  Fyne.  It  is  pi*osecuted  in  February  and  March  by 
local  trammel  bosits  and  by  seine-net  boats,  chiefly  froiii  Argyllshh'e,  and 
it  is  liable  to  sudden  interruption  from  storms.  The  great  majority  of 
the  herrings  taken  are  ripe  and  spawning ;  it  is  a  fishery  for  spawning 
herrings.  The  bank,  which  is  of  an  in-egular  elongated  form,  lies  off 
the  coast  between  Bennan  Head  and  the  southern  part  of  Ballantrae, 
and  is  piii-allel  to  it.  It  begins  about  one  mile  fi'om  the  shore,  and 
extends  to  a  distance  of  somewhat  over  three  miles  from  it.  The  depth 
of  water  lunges  from  about  seven  to  thirteen  fathoms,  and  the  bank  is 
composed  principally  of  stones,  gravel,  and  coarse  sand.  That  is  the 
position  and  extent  of  Ballantrae  Bank  proper,  although  an  elevation  of 
the  bottom  extends  more  or  less  from  Girvan  to  Loch  Ryan. 

The  fishery  was  at  one  time  of  considerable  importance,  and  was 
carried  on  at  the  bank  and  in  its  neighboiu'hood  by  a  large  number  of 
drift  and  trammel-net  boats,  many  of  which  came  from  distant  parts  of 
the  coast.  From  the  same  influences  that  caused  the  Acts  to  be  passed 
for  the  suppression  of  seining,  the  Ballantrae  winter  fishing  was  put  a 
stop  to  from  1860  to  1868  by  reason  of  clauses  in  the  Acts  of  1860  and 
1865  establishing  a  close-time  from  Ist  January  (or  1st  February  in  the 
Act  of  1865)  until  31st  May  between  Ardnamurchan  Point  and  the  Mull 
of  Qalloway.*  This  was  done  on  the  supposition  that  Ballantrae  Bank 
was  the  spawning  ground  for  Loch  Fyne  herrings.  But  after  1868,  on 
the  repeal  of  the  Acts,  the  fishing  was  resumed,  and  was  frequently  very 
successful.  The  quantity  and  value  of  the  herrings  caught  at  the  winter 
fishing  off  the  coast  in  each  of  the  last  twenty -five  years  are  shown  in 
the  following  Table,  with  the  number  of  the  boats  engaged  : — 

*  28  and  24  Vict.,  o.  92,  h.  4  ;  28  Vict.,  c.  22,  a.  2. 
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Hese  statistics  clearly  indicate  the  former  importance  of  this  herring 
fishery  and  the  poor  condition  to  which  it  haa  sunk  in  recent  ye&rs, 
vhich  is  ascribed  by  the  local  fiahermen  to  excessive  "  trawling  "  or 
seining.  Prior  to  1878  the  only  methods  in  use  for  the  capture  of 
herrings  at  Ballantrae  Bank  and  its  immediate  neighbourhood  were 
the  drift  net  and  the  trammel,  the  former  being  employed  principally 
beyond  the  Bank,  while  the  trammels  were  set  upon  it.  But  in  1878  the 
seine  net  began  to  be  employed  on  the  Bank  by  fishermen  from 
Argyllshire,  and  with  so  much  success,  that  ita  use  rapidly  extended. 
The  quantity  of  herrings,  it  will  be  observed,  rose  very  largely  in  the 
years  following  its  introduction,  over  31,000  craua  being  secured  in 
1880  and  1883,  their  gross  value  amounting  to  no  less  than  ;673,536 
and  4E78,435  respectively;  whereas  in  1894  the  quantity  taken  was 
only  75  crans,  of  the  value  of  X80,  and  in  1898  only  25  crans, 
of  the  value  of  ;£20.  Down  to  about  the  year  1884  the  largest 
herrings  were  secured  by  the  seine  net,  and  in  one  season  the  crews 
of  two  seine-net  boats  (eight  men)  earned  in  five  weeks  the  sum  of 
X900.*  But  after  the  year  named  the  herrings  caught  were  generally 
much  inferior  in  size,  and  in  some  seasons  a  considerable  proportion  of 
the  seine-net  fish  were  so  small  as  to  be  unmarketable,  and  were  in 
some  cases  used  for  manure.  It  may  be  stated  that  the  price,  as  well 
as  the  gross  value,  has  greatly  dimini^ed  of  late  years.  Thus  in  the 
ten  years  1876-1886  the  average  price  was  never  under  ;£3  per  cran, 
•  Fifth  Btport  F!i»fTg  Board Jor  .Scotland,  p.  434. 
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it  was  usually  £2  10s.,  and  in  one  year  (1881)  it  was  £2  12s.  per  cran. 
In  1886  it  had  sunk  to  £1  Is.  per  cran  ;  in  1890  to  12s.  6d.,  in  1896  to 
5s.,  and  in  1899  it  was  78.  3d. ;  in  only  one  year  since  1890  has  the 
price  reached  £1  per  cran — namely,  in  1895.  The  decline  in  the  price 
is  not,  however,  chiefly  due  to  the  quantity  of  small  herrings  landed 
but  to  other  causes  regulating  the  markets,  and  principally  the  develop- 
ment of  the  winter  fishery  at  other  pai-ts  of  the  coast,  and  the  impor- 
tation of  Norwegian  herrings. 

It  is  difficult  to  decide  whether  or  not  the  extensive  use  of  the  seine 
net  has  produced  detrimental  effects  on  the  fishery.  It  is  contended  that 
the  great  catches  in  nearly  all  the  years  from  1878  to  1886,  when  the 
seine  net  was  so  largely  used,  were  excessive,  and  that  the  shoals  of 
herrings  which  habitually  frequented  the  spawning  ground  were  either 
depleted,  or  so  disturbed  that  they  abandoned  the  Bank,  and  went  else- 
where to  spawn.  The  failure  may,  on  the  other  hand,  be  due  merely  to 
natural  fluctuations,  the  causes  of  which  are  obscure,  but  which  at  all 
events  profoundly  aflect  the  herring  fishery  in  many  localities.  Many 
cases  might  be  cited  in  which  the  herrings  deserted  a  favourite  ground 
for  years  without  apparent  cause,  and  as  suddenly  reappeared.  On  a 
former  occasion,  namely  in  1855,  the  herrings  abandoned  Ballantrae 
Bank,  and  did  not  return  until  1862.  Their  disappearance  then  was 
also  attributed  by  the  trammel-net  fishermen  to  the  use  of  the  seine 
net,  not  at  the  Bank  itself  in  February  and  March,  but  on  the  northern 
coast  of  Ayrshire  in  December,  when  the  shoals  were  making  their  way 
to  the  spawning  ground.  The  other  classes  of  fishermen  held  that  it 
was  cau.sed  by  the  excessive  use  of  the  trammel  net,  by  which  very 
large  numbers  of  spawning  herrings  were  captured  and  much  spawn 
destroyed.* 

With  regard  to  the  capture  of  small  or  immature  hen*ings,  there  is 
no  doubt  that  the  seine  net  takes  fiir  greater  quantities  than  the 
trammel  net  does;  in  this  respect  the  trammel  is  comparable  to  the 
drift  net.  In  seasons  when  small  herrings  abound  very  large  quantities 
have  been  landed,  and  in  some  years  have  been  found  unsaleable  and 
used  for  manure.  Sometimes  the  catch  of  the  seine  boats  consists  of 
herrings  as  large  and  fine  as  those  got  by  the  trammels,  but  as  a  rule 
there  is  a  considerable  admixture  of  inferior  fish.  If  the  net  is  torn  on 
the  bottom,  which  is  not  an  infrequent  occurrence,  or  if  a  larger 
quantity  is  enclosed  than  the  boats  can  well  carry,  and  part  is  allowed  to 
escape,  the  proportion  of  small  herrings  in  the  catch  may  be  increased, 
inasmuch  as  large  numbers  of  them  are  meshed.  Herrings  of  seven  to 
eight  or  eight  and  a  half  inches  are  not  uncommon  in  the  catches  of  the 
seine  net.  It  was  found,  however,  that  herrings  of  comparatively  small 
size  may  be  sexually  mature  and  propagating  at  Ballantrae  Bank. 
Specimens,  both  male  and  female,  not  more  than  eight  inches  in  length, 
were  occasionally  found  to  be  spawning  or  spent ;  and  many  between 
eight  and  nine  inches  were  in  the  same  condition.  The  majority  at 
these  sizes  were,  however,  not  ripe ;  and  many  of  them  were  found  to 
have  been  feeding  on  the  deposited  herring  spawn.  The  question  of 
the  pollution  of  the  ground  by  dead  herrings  has  also  been  raised  in 
connection  with  this  fishery,  but  it  is  probable  that  the  seine-net  boats 
are  not  chiefly  responsible  for  the  presence  of  dead  herrings  on  the 
Bank.  There  is  no  doubt  that,  as  in  Loch  Fyne,  dead  herrings  fall 
upon  the  ground  in  the  operations  of  the  seine,  and  much  more  here 
owing  to  the  not  uncommon  tearing  of  the  net  by  catching  on  the 
bottom.     But  the  same  thing  occurs,  and  probibly  to  a  greater  extent, 

•  Report  of  Playfair  Commission,  p.  16.  Report  Royal  Commission,  vol.  ii.,  p.  1189, 
1190. 


of  the  FisJieiy  Board  of  Scotland,  263 

from  the  trammel  net.  These  nets  are  left  in  the  water,  and  are  usually 
visited  in  the  morning  by  the  fishermen,  who  remove  the  herrings  and 
re-set  the  net ;  the  boats  do  not  stand  by  their  nets.  It  often  happens 
that,  owing  to  bad  weather,  the  nets  cannot  be  visited  for  many  days, 
and  they  may  become  so  weighted  with  fish  as  to  lie  flat  on  the  bottom; 
and  sometimes  a  gale  sweeps  them  away  or  casts  them  into  heaps,  and 
in  such  cases  putrefaction  of  the  herrings  contained  in  them  causes 
pollution  of  the  water.  There  is  no  evidence  to  show  that  such  occur- 
rences have  affected  the  fishing  detrimentally  in  succeeding  years, 
although  they  have  been  sometimes  adduced  as  a  reason  for  putting  a 
stop  to  the  fishery  on  the  Bank. 

The  question  whether  or  not  the  seine  net  disturbs  or  destroys  the 
deposited  spawn  of  the  herring  was  specially  investigated  dui-ing  the 
present  year  (1900),  when  a  consideiuble  number  of  seine-net  boats 
resumed  the  fishing  at  Ballantrae  Bank.  By  means  of  the  "  Garland  " 
Mr.  Pearcey  was  able  to  visit  the  boats  when  they  were  hauling  their 
nets,  and  also  to  make  dredgings  at  various  parts  of  the  Bank  in  order 
to  ascertain  the  presence  or  absence  of  herring  spawn  at  different  points. 
The  dredgings  showed  that,  while  no  spawn  existed  at  certain  points  of 
the  Bank,  it  was  in  gi'eat  abundance  at  other  parts,  and  this  largely 
accounted  for  the  diversity  of  the  results  respecting  the  action  of  the 
herring  seine.     The  following  dredgings  may  be  specified  : — 

6th  March.  Ballantrae  village  bearing  S.E.  2J  miles  distant,  ten 
fathoms  of  water.  A  small  quantity  of  clean  shelly  sand  and  small 
stones  brought  up ;  no  deposited  herring  spawn. 

7th  March.  (1)  Ballantrae  village  bearing  E.S.E.  2  miles  distant,  nine 
fathoms.  Dredge  full  of  sand,  stones,  gravel,  with  shells  and  a  few 
fronds  of  Lamhvaria,  nearly  all  of  wliich  were  thickly  coated  with 
deposited  herring  spawn  j  (2)  Ballantrae  bearing  S.E.  j  S.,  distant  2^ 
miles ;  9|  fathoms.  Dredge  full  of  sand,  stones,  gravel,  and  Lcmiinaria, 
without  any  trace  of  herring  spawn  ;  (3)  Ballantrae  village  bearing  E. 
by  S.,  2  miles  distant ;  9^  fathoms.  Dredge  filled  with  sand,  gravel, 
and  a  few  stones  (1  to  3^  inches  in  diameter).  Herring  spawn  thickly 
deposited  on  the  shingle  and  on  some  of  the  stones. 

The  number  of  seine  nets  which  were  examined  immediately  they 
were  brought  from  the  water  was  79,  of  which  63  showed  no  trace  of 
deposited  herring  spawn,  while  in  sixteen  it  was  found  in  more  or  less 
abundance,  chiefly  on  the  broad  fronds  of  Laviinaria  and  the  stones 
at  their  roots,  and  fine  specimens  of  the  deposited  spawn  were  obtained. 
All  the  nets  examined,  except  four,  furnished  evidence  of  having  come 
in  contact  with  or  swept  the  ground,  on  which  they  sometimes  became 
fast.  In  most  cases  stones,  shells,  weeds,  or  specimens  of  bottom-living 
animals  were  brought  up.  A  summary  of  the  records  made  on  board 
the  "Garland"  by  Mr.  Pearcey  is  here  given; — 

March  1st,  1900. 

1.  5.30  P.M.  Net  shot  in  12  fathoms  about  2|  miles  N.E.  of  Ballan- 
trae. Became  fast  on  bottom,  and  was  got  up  with  difficulty ;  much 
damaged.  One  specimen  of  Ophiothrix  fragilia  was  obtained,  net 
otherwise  quite  clean.     No  fish  of  any  kind  captured. 

2.  6.50  P.M.  Near  the  same  locality,  in  10  fathoms.  Net  caught  on 
the  bottom  and  brought  up  much  torn  from  sole- rope ;  1  Aateriaa  ruhens, 
1  stone  2^  inches,  taken  from  foot  of  net.  No  spawn  recent  or  deposited. 
No  fish  captured. 

3.  In  10  fathoms.  Net  got  oiught  on  the  bottom  and  was  somewhat 
damaged.  One  basket  of  herring  captured.  No  deposited  spawn.  Net 
quite  clean. 
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4.  In  10 J  fathoms.  Net  said  not  to  have  touched  the  bottom.  No 
deposited  spawn  or  any  bottom-living  organisms  obtained.  Nek  quite 
clean.     14  baskets  of  herring  captured. 

5.  In  9  J  fathoms.  Net  caught  on  bottom  and  considerably  damaged. 
Two  pieces  of  rock  fragments  1\  and  5  inches  long,  2  A,  rubene,  2 
Solastei*  pappotnts  were  obtained  in  body  of  net  and  near  sole- rope. 

6.  8.30  P.M.  In  9 1  fathoms.  Net  had  touched  the  bottom,  sole-rope 
damaged.     Net  quite  clean.      A  few  baskets  of  herring  captured. 

7.  9.30  P.M.  In  10  fathoms.  Net  became  fast  on  bottom  and  waa 
slightly  damaged.  No  deposited  spiwn  found.  Net  quite  clean.  Only 
a  few  herring  captured 

8.  In  9||  fathoms.  Net  caught  on  the  bottom  and  slightly  damaged. 
Only  a  few  herring  captured,  otherwise  net  quite  clean. 

9.  In  10  fathoms.  Net  had  touched  the  bottom.  Nothing  found  on 
net  or  sole-rope.  Fully  50  baskets  of  herrings  captured,  all  ready  for 
spawning. 

10.  In  9  J  fathoms.  Net  said  not  to  have  touched  the  bottom.  Net 
found  to  be  quite  clean.  Fully  100  baskets  of  herring  captured, 
the  males  giving  off  mUt  freely,  females  about  ready  for  depositing 
spawn. 

11.  10.50  P.M.  In  9 J  fathoms.  Net  had  touched  the  bottom  but 
found  to  be  quite  clean.     150  to  200  baskets  of  heiring  captured. 

12.  In  10  fathoms.  Net  caught  on  the  bottom  and  got  torn  from 
sole -rope.  Two  rock  fragments  8^  and  10  inches,  2  Ophiothinx  fragilis  in 
foot  of  net,  but  no  deposited  spawn  observed.  20  baskets  of  herring 
captured,  males  giving  off  milt  freely  and  females  ready  for  spawning. 

13.  In  10  J  fathoms.  Net  caught  on  the  bottom  and  badly  damaged. 
One  rock  fragment,  1  Astetnas  I'vheiiSy  1  A.  gracilis,  and  2  Ophiozhrix 
fragilis.  No  deposited  sj»awn  found ;  otherwise  net  quite  clean.  No 
fish  captured. 

14.  In  10|  fathoms.  Net  caught  on  the  bottom  and  somewhat 
damaged,  but  found  to  be  quite  clean.  No  deposited  spawn  or  bottom- 
living  animals  found.      10  baskets  of  herring  captured. 

All  the  trawl  boats  visited  had  their  nets  so  prepared  that  they 
should  drag  the  bottom,  the  sole-rope  being  heavily  weighted  with 
lead. 

March  2nd — Came  up  with  the  herring  fleet  on  Ballantrae  Bank  at 
4.50  P.M. ;  40  in  number.  Shortly  after  5  p.m.  a  number  commenced  to 
shoot  nets  S.W.  and  N.E.  off  BaUantrae  village,  about  1|  to  2|  miles 
distant. 

15.  In  12;!  fathoms.  Net  did  not  touch  the  bottom  and  was  quite 
clean.   No  deposited  spawn  found.   Two  baskets  of  lipe  herring  captured. 

16.  In  9 J  fathoms.  Net  caught  on  the  bottom;  examined  net 
carefully  and  found  it  to  be  quite  clean,  no  bottom-living  animals 
of  any  kind  or  deposited  spawn.  Some  20  baskets  of  ripe  herring 
captured. 

17.  In  10|  fathoms.  Net  had  dragged  the  bottom  slightly,  but  was 
found  to  be  quite  clean.  No  deposited  spawn  or  any  bottom-living 
organisms  found.     About  half-dozen  baskets  of  ripe  herring  captured. 

18.  In  lOi  fathoms.  Net  did  not  touch  the  bottom  :  found  to  be 
quite  clean.  30  baskets  of  ripe  herring,  2  saithe,  and  1  haddock 
captured. 

19.  In  9^  fathoms.  Net  had  dragged  the  bottom  slightly,  but  came 
up  quite  clean.     14  ])askets  of  spawning  herring  were  captured. 

20.  In  10|  fathoms.  Net  dragged  the  bottom  slightly,  but  found  to 
to  quite  clean.  No  deposited  spawn  observed  or  any  bottom-living 
animals.     A  few  baskets  of  ripe  herring  and  one  cod  captured. 
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21.  In  10  fathoms.  Net  had  touched  the  bottom  slightly,  but  no 
deposited  spawn  or  any  animals  from  the  bottom  found ;  net  quite 
clean.     A  few  baskets  of  spawning  herring  and  one  ling  captured. 

22.  In  lOJ  fathoms.  Net  had  dragged  the  bottom  a  little.  Two 
small  stones  2  and  2|  inches  obtained  in  net,  and  one  OphiothHx  fragilU 
and  a  few  ripe  herring ;  otherwise  the  net  was  found  quite  clean. 

March  6th,  at  6.30  p.m.,  the  trawl  boats  commenced  to  shoot  their 
nets. 

23.  In  9|  fathoms.  Net  dragged  on  bottom  a  little.  One  large 
irregular  rock  fragment,  12x6x5  inches,  and  a  smaller  piece  5  x  3|^ 
inches,  with  various  bottom -living  animals,  but  no  deposited  spawn 
either  on  these  or  the  net.  Eight  cod  and  saithe  were  captured,  but  no 
herring. 

24.  In  9|  fathoms.  Net  had  touched  the  bottom  and  brought 
up  two  fronds  of  Laminaria,  with  stones  attached  to  roots,  but  no 
deposited  spawn  was  found.     Only  one  cod  was  captured. 

25.  In  9|  fathoms.  Net  became  fa^t  on  the  bottom.  One  E.  esculentus 
and  1  A.  rttbena  were  found  in  net,  but  no  deposited  spawn.  A  few 
heiring  only  were  captured. 

26.  In  10 J  fathoms.  Net  became  fast  on  the  boltom  for  a  time,  and 
was  brought  up  split  in  several  places,  but  found  to  be  quite  clean. 
Three  cod  and  2  saithe  were  captured. 

27.  In  9  fathoms.  Net  had  touched  the  bottom  ;\no  deposited  spawn 
found.     Ten  baskets  of  herring  captured. 

28.  In  8  fathoms.  Net  became  fast  on  bottom  and  was  badly 
damaged.  Several  small  stones,  1  A.  i^vhena,  several  0,  fragilis,  1  A\ 
eacidentiiSf  and  sevei^al  Laminaria  fronds  found,  but  no  deposited  spawn. 
Net  otherwise  quite  clean.     No  fish  captured. 

29.  In  8  fathoms.  Net  had  touched  the  bottom.  One  A .  rubens  found, 
but  no  deposited  spawn.     Fully  100  baskets  of  ripe  heiring  captured. 

30.  In  6^  fathoms,  near  south  edge  of  Bank.  Net  had  touched  the 
bottom  and  was  slightly  damaged.  No  deposited  spawn  found,  net 
being  quite  clean.     Fully  40  baskets  of  herring  captured. 

31.  In  10  fathoms.  Net  dragged  a  little  on  bottom.  Two  E,  eaciUenttiSt 
2  fronds  of  Laminaria ^  with  stones  at  roots,  taken  from  net  near  sole- 
rope,  but  no  deposited  spawn  found.  Three  cod  and  1  saithe  were  the 
only  fish  captured. 

32.  In  9|  fathoms,  near  south  edge  of  Bank.  Net  had  touched  the 
bottom,  but  came  up  quite  clean.  Three  saithe,  2  cod,  and  1  haddock 
were  all  the  fish  captured. 

33.  In  7  fathoms,  about  3  miles  to  the  south  of  Ballantrae  village. 
Net  had  slightly  dragged  the  bottom  ;  no  deposited  spawn  found.  An 
enormous  catch  of  herring  was  obtained  at  first  in  this  haul,  so  large 
that  the  two  boats  could  not  manage  it,  and  the  assistance  of  two  other 
boats  was  obtained,  when  a  great  effort  to  secure  the  eatch  was  made ; 
but  the  body  of  fish  was  so  great  and  heavy  that  before  any  could  be 
taken  from  the  net  they  again  sank  to  the  bottom,  and  the  net  split 
with  the  strain,  all  but  some  10  to  15  baskets  of  herring  being  lost.  It 
appeared  to  me  that  most  of  these  fish  got  clear  living  and  in  good  con- 
dition. 

34.  In  8|  fathoms.  Net  slightly  dragged  the  bottom,  but  was  brought 
up  quite  clean ;  no  deposited  spawn  found  on  net  or  sole-rope.  Thirty 
to  40  baskets  of  herring  captured. 

35.  In  8|  fathoms.  Net  dragged  on  bottom  a  little.  Four  stones, 
largest  2|  inches  ;  1  Buccinum  uiidatum^  with  Eupag^crus  bemhardtiSy  a 
few  0.  fragilis,  and  1  frond  of  Laminaria  found  in  net  near  sole-rope. 
No  deposited  spawn ;  otherwise  net  quite  clean.  25  baskets  of  herring 
and  1  saithe  captured. 
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36.  In  6^  fathoms,  N.E.  side  of  Ballantrae  Bank.  Net  had  dragged 
the  bottom  slightly,  but  nothing  was  obtained  from  the  bottom,  and 
no  deposited  spawn  found  on  net  or  sole -rope.  Fully  80  baskets  of 
hen-ing  captured. 

37.  In  7i  fathoms.  Net  became  fast  on  bottom  and  damaged.  A 
few  meshed  heiring  obtained,  but  otherwise  net  quite  clean. 

38.  In  6  fathoms,  near  south  end  of  Bank.  Net  had  touched  bottom. 
Three  stones  from  2  J  inches  to  4|  inches,  a  few  0.  fragilia,  several 
fronds  of  Iximinaria  with  gravel  attached  to  roots,  1  E.  eacuUntuSj  2 
A,  ruhena  found  near  sole-rope.  No  deposited  spawn.  Fully  60  baakets 
of  herring  captured. 

39.  In  9  fathoms.  Net  become  fast  on  bottom.  Two  stones,  3  E,  escu- 
leniuSj  2  A,  rubena,  1  Laminaria  frond  taken  from  net.  No  deposited 
spawn  found  ;  net  otherwise  quite  clean.  A  few  baskets  of  herring 
captured.  This  boat  shot  again  near  the  same  spot  in  9  fathoms.  Net 
touched  bottom,  but  came  up  quite  clean.  Fully  60  baskets  of  herring 
captured. 

40.  In  6  J  fathoms,  about  1|  miles  to  the  south  of  Ballantrae  village. 
Net  had  dragged  the  bottom  slightly.  Several  small  stones.  1  K. 
esculentus,  2  A .  'mb^iia,  and  a  few  0.  fragilia  found  in  net  near  sole- 
rope,  and  in  body ;  no  deposited  spawn.  Fully  50  baskets  of  herring 
captui'ed. 

41.  March  7th,  7.50  p.m.  In  9 J  fathoms.  Net  became  fast  for  a 
time  on  the  bottom  and  badly  damaged.  Two  fronds  of  Lcmiinaria,  with 
stones  2 1  to  3  inches  attached  to  roots,  taken  from  neai*  sole-rope  of  net. 
No  deposited  spawn ;  net  otherwise  quite  clean.  20  to  30  baskets  of 
hen'ing  captured. 

42.  In  8  fathoms.  Net  had  touched  the  bottom.  One  Buccinwn 
undatum  found  in  body  of  net ;  no  deposited  spawn.  Fully  50  baskets 
of  herring  captured. 

43.  In  8jJ  fathoms.  Net  had  dragged  the  bottom  slightly.  No 
deposited  spawn  found,  and  nets  quite  clean.  50  baskets  of  herring 
captured. 

44.  In  8  fathoms.  Net  became  fast  on  bottom  and  was  badly 
damaged,  but  quite  clean.     No  fish  captured. 

45.  In  9  fathoms.  Net  caught  on  bottom  and  was  torn  from  sole- 
rope  ;  quite  clean.  No  fish  captured. 

46.  In  8  fathoms.  Net  dragged  slightly  on  bottom ;  taken  up  quite 
clean.    20  baskets  of  herring  captured. 

47.  In  9  fathoms,  near  south  edge  of  Bank.  Net  dragged  on  bottom 
a  little.  One  stone  3^  inches  and  1  dead  Pecttiiundita  shell  taken  from 
body  of  net ;  otherwise  net  quite  clean.     No  deposited  spawn  observed. 

48.  In  9  fathoms.  Net  became  fast  for  a  little  on  bottom.  Two  stones 
3^  and  5|  inches  thinly  coated  with  deposited  herring  spawn  taken 
from  near  the  sole-rope  ;  otherwise  neti  quite  clean.  A  few  herrings  were 
captured. 

49.  In  8  fathoms.  Net  dragged  the  bottom  slightly.  Three  fronds  of 
Laminaria  with  stones  at  roots  taken  from  near  sole-rope,  the  fronds 
being  thickly  coated  with  herring  spawn  on  the  exposed  surfaces,  but 
none  upon  the  stones  at  roots.  A  small  quantity  of  deposited  spawn 
with  small  stones  was  taken  from  the  body  of  the  net,  also  distinct 
traces  of  spawn  found  on  sole-rope.  About  15  baskets  of  hen-ing  were 
captured. 

50.  In  8  fathoms.  Net  touched  the  bottom,  but  came  up  quite  clean. 
Five  baskets  of  herring  captured. 

51.  In  8 J  fathoms.  Net  slightly  dragged  on  bottom,  but  was  found 
to  be  quite  clean.     Fully  100  baskets  of  hening  captured. 
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52.  In  7|  fathoms.  Net  caught  on  bottom.  Several  fronds  of 
lAiminaria  and  5  stones  found  in  net  near  sole-rope;  no  deposited 
spawn.    40  baskets  of  herring  captured. 

53.  In  9|J  fathoms.  Net  dragged  slightly  on  the  bottom,  becoming 
fast  for  a  little.  Two  fronds  of  Laminuria^  thickly  coated  with  deposited 
herring  spawn,  taken  from  body  of  net ;  traces  of  deposited  spawn 
observed  also  on  body  of  net  and  sole-rope.  A  few  baskets  of  herring 
captured. 

54.  In  7  fathoms.  Net  had  touched  the  bottom.  No  deposited 
spawn  found.     About  3  baskets  of  herring  captured. 

55.  In  8|  fathoms.  Nets  had  touched  the  bottom,  but  found  to  be 
quite  clean.     Only  a  few  herring  captured. 

56.  In  7i  fathoms.  Net  became  fast  on  the  bottom,  and  was  badly 
damaged,  but  came  up  quite  clean.  No  deposited  spawn,  and  only  a 
few  herrings  captured. 

57.  In  7|  fathoms.  Net  got  fast  on  bottom  and  was  badly  torn.  One 
Laminaria  frond  thickly  coated  with  deposited  spawn,  with  stones  at 
roots,  also  thickly  covered  with  spawn,  and  distinct  traces  of  deposited 
spawn  on  sole-rope  and  body  of  net.   Three  baskets  of  herring  captured. 

58.  In  7  J  fathoms.  Net  became  fast  on  bottom,  and  was  badly  torn. 
No  deposited  spawn  found  on  net  or  sole-rope.     No  fish  captured. 

March  9th,  5.45  p.m. — An-ived  on  Ballantiue  Bank  among  herring 
fleet;  48  boats  counted. 

59.  In  8  fathoms,  about  2  miles  8.W.  of  Ballantrae  village.  Net 
dragged  the  bottom  slightly.  Three  fronds  of  Laminaria  with  stones  at 
roots,  all  thickly  coated  with  deposited  herring  spawn ;  the  sole- rope  and 
body  of  net  also  showed  distinct  traces  of  deposited  spawn.  Only  one 
spent  herring  was  captured. 

60.  In  8  fathoms,  a  little  to  the  N.E.  of  shot  59.  Net  dragged 
the  bottom  slightly ;  two  fronds  of  Laminaria  with  stones  at  roots,  all 
very  heavily  coated  with  deposited  herring  spawn  on  exposed  surfaces, 
and  a  quantity  of  deposited  spawn  was  found  on  the  body  of  net.  None 
observed  on  sole-i-ope.     No  fish  of  any  kind  captured. 

61.  In  8i  fathoms,  near  shot  60.  Net  had  dragged  the  bottom 
slightly.  One  large  frond  of  Laminnria  heavily  coated  with  deposited 
herring  spawn,  but  none  on  stones  at  roots.  Net  otherwise  quite  clean. 
Fully  20  baskets  of  herring,  mostly  spent,  and  3  saithe  were  captured. 

62.  In  8|  fathoms,  about  \  mile  to  the  north  of  shot  61.  Net  caught 
on  the  bottom,  and  was  brought  up  quite  clean.  One  basket  of  spent 
herring  captured. 

63.  In  8|  fathoms,  near  shot  62.  Net  caught  on  bottom,  but  came 
up  quite  clean.    A  few  baskets  of  spent  herring  captured. 

64.  In  8|  fathoms.  Net  slightly  dragged  on  the  bottom.  Three  fronds  of 
Laminaria  with  stones  at  roots,  thickly  coated  with  deposited  herring 
spawn,  taken  from  net  near  sole-rope;  also  one  specimen  of  Steno- 
rhijnchuSf  with  deposited^spawn  att-ached  to  the  carapace  and  legs.  One 
Trochtia  shell  also  coated  with  spawn  ;  traces  of  spawn  also  observed  on 
sole-rope  and  body  of  net.  A  few  baskets  of  herring,  mostly  spent, 
were  captured. 

65.  In  9  fathoms.  Net  fast  on  bottom,  and  got  badly  damaged.  One 
fron<i  of  Lamina/ria  with  stones  at  roots,  heavily  coated  with  deposited 
herring  spawn,  taken  from  net  near  the  sole-rope.  One  basket  of 
heiTi'ng,  chiefly  spent,  captured. 

66.  In  84  fathoms.  Net  caught  slightly  on  bottom,  but  found  to 
be  quite  clean.     A  few  baskets  of  spent  herring  captured. 

67.  In  8|  fathoms.  Net  dragged  on  the  bottom  slightly.  One  frond 
of  Laminaria  with  stones  at  roots,  all  thickly  coated  with  deposited 
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herring  spawn,  and  traces  of  deposited  spawn  were  observed  on  body  of 
net  and  sole- rope.  A  few  baskets  of  herring,  chiefly  spent,  were 
captured. 

68.  In  7}  fathoms,  near  the  north  edge  of  Bank.  Net  dragged  slightly 
on  bottom.  Two  stones,  7||  inches  and  5|  inches,  brought  up,  also  a 
frond  of  Lamiriaria,  which  was  heavily  coated  with  deposited  herring 
spawn.     A  few  spent  herring  were  captured. 

69.  lu  8  j  fathoms.  Net  slightly  dragged  on  the  bottom,  becoming  fast 
for  a  time.  Four  fronds  of  Laminaria,  with  stones  at  roots,  very  heavily 
coated  with  deposited  herring  spawn;  the  sole -rope  and  body  of  net 
also  showed  traces  of  deposited  spawn.  A  few  herring,  chiefly  spent, 
captured. 

70.  In  8  fathoms,  near  No.  69.  Net  slightly  dragged  on  the  bottom. 
One  frond  of  Laminaria  taken  from  near  sole-rope  and  a  fragment  from 
body  of  net  were  thickly  coate<l  with  spawn.  20  baskets  of  herring 
were  captured. 

71.  In  8  fathoms,  about  2^  miles  S.W.  of  the  village  of  Ballantrae, 
near  edge  of  Bank.  Several  fronds  of  Laminaria,  with  stones  at  roota, 
thickly  coated  with  deposited  herring  spawn,  were  taken  from  net  near 
the  sole-rope ;  a  quantity  of  deposited  spawn  was  also  found  on  the  sole- 
rope  and  about  the  body  of  the  net.  About  1 5  baskets  of  herring  were 
captured,  as  well  as  1  saithe  of  31  inches  and  1  cod  of  6^  inches,  both 
containing  deposited  herring  spawn  in  their  stomachs. 

72.  In  8|  fathoms,  near  N.E.  edge  of  Bank.  Net  became  fast  on 
the  bottom  for  a  time,  and  was  somewhat  damaged.  Five  fronds  of 
Laminaria^  with  stones  at  roots,  heavily  coated  with  deposited  herring 
spawn ;  deposited  ^awn  was  also  found  on  the  sole-rope  and  the  body 
of  the  net.     No  herring  were  captured. 

73.  In  9  J  fathoms.  Net  slightly  dragged  on  the  bottom.  Two  fronds 
of  Lamhiaria,  with  stones  at  roots,  heavily  coat-ed  with  deposited 
herring  spawn ;  small  quantities  of  deposited  spawn  also  taken  from 
sole-rope  and  about  tJie  body  of  the  net.  Three  baskets  of  herring, 
chiefly  spent,  were  captured. 

74.  10.35  P.M.  In  9|  fathoms,  as  near  as  could  be  judged  about  the 
centre  of  the  Bank,  to  tlio  south  of  Ballantiue,  towards  the  entrance  to 
Loch  Ryan.  Net  had  clrag«fed  somewhat  on  bottom.  10  or  12  fronds 
of  Lamitiariaj  with  stones  at  roots,  7  stones  and  rock  fragments,  a  few 
0.  fragilis,  and  1  E.  escid^nUis  were  taken  from  the  net,  but  no  deposited 
spawn  w^as  found.     20  to  30  baskets  of  spent  herring  were  captured. 

75.  In  8|  fathoms,  not  far  from  shot  74,  but  a  little  farther  north. 
Net  had  dragged  on  the  bottom.  Several  fronds  of  Laminaria,  with 
stones  at  roots,  but  no  deposited  spawn  on  either,  and  nets  and  sole-rope 
quite  clean.     No  fish  of  any  kind  captured ;  net  badly  damaged. 

76.  In  8  fathoms.  Net  became  fast  on  the  bottom.  Three  fronds  of 
Luminama,  with  stones  at  roots,  and  several  bottom- living  animals. 
No  deposited  spawn  found ;  net  and  sole-rope  quite  clean.  A  few  spent 
herring  captured. 

77.  In  8  fathoms.  Net  dragged  the  bottom  slightly,  and  was  badly 
damaged.     No  deposited  spawn,  net  quite  clean,  and  no  fish  captured. 

78.  In  9  J  fatlioras.  Net  became  fast  on  bottom,  and  was  brought  up 
damaged.  Six  stones  and  rook  fragments,  2|  to  9]  inches,  were  taken 
from  the  net.  No  deposited  spawn  found ;  nets  and  sole-rope  quit« 
clean.     No  fish  Ci\ptured. 

79.  In  1\  fathoms.  Several  stones,  1|  to  6|  inches,  taken  from  the 
net^  but  no  deposited  spawn  found.  A  few  spent  herring  were  captured. 
Net  found  to  be  perfectly  clean. 
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Both  the  dredgings  made  by  the  '*  Garland ''  and  the  examination 
of  the  seine  nets  show  that  during  last  season  large  areas  of  the  Bank 
were  not  utilised  by  the  herrings  as  spawning  ground.  The  deposited 
spawn  was  mostly  got  near  and  about  the  south  and  north-west  edges, 
where  Laminaria  was  abundant ;  the  centi'al  region  was  practically 
devoid  of  spawn.  In  places  where  hen-ing  spawn  exists  it  may  be  said 
that  each  haul  of  the  seine  net  necessarily  disturbs,  and  to  some  extent 
must  destroy,  some  of  it,  as  it  lies  on  the  l)ottom  or  attached  to  the 
fronds  of  the  sea-weed,  since  the  sole-rope  sweeps  over  the  bottom.  But 
it  is  doubtful  if  the  injury  so  caused  is  considerable  or  of  much  import- 
ance. The  stones  and  weeds  brought  up  by  the  net,  whether  coated 
with  spawn  or  not,  are  thrown  back  into  the  sea  by  the  fishermen.  The 
destruction  of  herring  eggs  in  this  way  cannot  be  great,  and  it  is 
certainly  quite  insignificant  compared  with  the  depredations  of  pre- 
dacious fishes,  or  the  loss  of  eggs  involved  by  the  captuie  of  large 
numbers  of  herrings  in  the  act  of  spawning.  At  tlie  spawing  season  at 
Ballantrae  Bank  not  only  are  the  herrings  themselves  preyed  upon  in 
enoi-mous  numbers  by  cod,  saithe,  ling,  dog-fish,  cetaceans,  gannete,  and 
other  enemies,  but  their  freshly-deposited  spawn  is  also  devoured  in 
immense  quantities,  especially  by  haddocks,  codling,  and  saithe,  as  well 
as  by  their  own  species.  Haddocks  are  sometimes  taken  in  large  numbers 
in  the  seine  nets  at  Ballantrae,  and  I  found  their  stomachs  to  be  full  of 
heiring  spawn,  frequently  mixed  with  fine  gi'avel,  while  as  much  as  1  lb., 
and  even  24  ounces,  of  spawn  has  been  taken  from  the  stomach  of  a  single 
cod.*  The  destruction  of  spji  wn  in  this  way  by  enemies  must,  however,  be 
regai'ded  as  a  normal  condition  in  the  life-histoiy  of  the  herring.  But 
there  is  also  an  immense  loss  in  the  fishing  operations.  The  majority 
of  the  heri'ings  taken  are  captured  in  the  act  of  spawning,  with  the  ripe 
eggs  and  milt  running  from  them,  and  when  a  large  catch  is  obtained  the 
quantity  of  spawn  and  milt  that  is  emitted  in  the  handling  of  the  fish  is 
very  gi-eat,  and  gives  the  heiTings  a  very  unsightly  appearance.  The  boats, 
nets,  and  gear,  and  everything  that  comes  in  contact  with  the  mass  of 
fish  becomes  coated  with  spawn  ;  the  parts  of  the  quay  at  which  they 
are  landed  from  the  boats  may  be  covered  with  a  layer  of  spawn  half  an 
inch  or  more  in  thickness ;  and  the  spawn  thus  accumulated  and  dis- 
charge<l  in  the  selection  and  handling  of  the  fish  may  form  considerable 
ill-smelling  heaps.  It  was  this  loss  of  spawn,  as  well  as  the  capture  and 
disturbance  of  the  spawning  shoals,  that  led  to  the  close-time  by  which 
the  winter  fishing  at  Ballantrae  was  put  down  ;  and  it  caused  the  Board 
of  British  White  HeiTing  Fishery  many  years  before  that  to  strongly 
urge  the  complete  suppression  of  the  fishery. 

The  destruction  of  deposited  spawn,  and  the  loss  of  eggs  in  the  way 
described,  is  not  peculiar  to  the  seine  net.  The  trammel  net  must  also 
cause  disturbance  and  loss  of  deposited  spawn  while  being  hauled  and 
set.  All  the  appendages  of  the  net  may  be  coated  with  fertilised 
spawn — the  sole-rope,  the  stones  used  as  anchors,  and  the  meshes.  So 
abundant  is  the  deposition  that  frequently  boats  anchoring  on  the 
Banks,  as  the  seine  boats,  bring  up  their  anchors  whitened  with  the 
deposition  of  eggs ;  this  occurred  also  with  the  anchor  of  the  "  Grarland." 
The  trammels  also  cause  loss  of  unfertilised  spawn,  although  not  as  a 
rule  to  the  same  extent  as  the  seine,  because  the  herrings  may  remain  a 

•  Tho  content")  of  some  of  the  stomachs  were  weighed  and  the  number  of  herring  ^g^ 
calculated.  A  haddock  of  between  2  lbs.  and  3  lbs.  in  weight  was  found  to  contain  more 
than  two  oimces  of  spawn,  or  nearly  the  whole  of  the  eggs  produced  by  two  adult 
herrings.  In  February  of  1890  nine  tons  of  haddocks  were  taken  from  Ballantrae  Bank, 
which  would  be  equivalent  to  about  7000  individuals  ;  and  if  each  of  these  consumed 
daily  a  similar  quantity  of  herring  spawn  as  the  one  referred  to,  the  spawn  of  over 
800,000  herrings,  or  about  9,000,000,000  eggs,  would  be  destroyed  by  that  number  alone 
in  the  course  of  the  month  or  six  weeks  involved. 
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considerable  time  in  the  net  before  it  is  hauled,  and  a  proportion  of  the 
eggs  are  discharged  and  no  doubt  fertilised.  There  is  not  so  much 
spawn  intermingled  with  the  fish  in  the  catches  from  the  trammel  boats 
as  there  is  from  the  seine  boats. 

To  what  extent  the  loss  of  spawn  at  Ballantrae  Bank  or  the  dis- 
turbance of  the  shoals  may  have  proved  detrimental  to  the  permanence 
of  the  fishery  from  season  to  season,  it  is  not  easy  to  decide.  If  it  could 
be  clejirly  shown  that  this  spawning  ground  for  the  herring  was  in  close 
relationship  to  important  herring  fisheries  at  other  parts  of  the  coast, 
as  in  Loch  Fyne,  and  that  the  fishery  there  exercised  an  injurious  effect 
on  the  more  important  fisheries,  there  might  be  reasonable  grounds  for 
interference  on  this  score.  But  the  evidence  on  either  point  is  not  con- 
vincing. It  is  generally  agreed  that  the  large  herrings  which  are  known 
to  leave  Loch  Fyne  towards  the  close  of  the  season  do  not  spawn  at 
Ballantrae  Bank.  On  the  other  hand,  it  is  very  widely  held  that  the 
mixed  and  smaller  class  of  herrings  that  leave  Loch  Fyne  in  many 
seasons  pass  over  to  the  northern  pai-t  of  the  coast  of  Ayrshire,  give 
rise  to  the  winter  fishing  there,  and  then  pass  on  to  Ballantrae  Bank ; 
and  that  after  spawning  the  heriings  return  to  Loch  Fyne  by  way  of 
the  Sound  of  Kilbrennan.  But  in  some  seasons  the  bulk  of  the  herrings 
from  Loch  Fyne  pass  down  by  the  Sound  of  Kilbrennan,  and  the  rela- 
tion of  these  movements  to  the  Ballantrae  fishing  is  not  clear.  On  the 
other  hand,  the  herring  shoals  are  sometimes  first  found  coming  to  Bal- 
lantrae from  the  south  by  way  of  Loch  Ryan,  and  it  is  quite  possible 
that  they  may  come  from  off  the  Irish  coast,  which  is  considerably 
nearer  than  is  Loch  Fyne.  Experiments  on  the  point  were  made  by 
marking  and  then  liberating  many  hundreds  of  herrings,  both  at 
Ballantrae  and  in  Loch  Fyne  and  the  Sound  of  Kilbrennan,  but  only 
two  of  the  marked  fish  are  known  to  have  been  recovered,  and  they 
throw  no  light  on  the  problem. 

Conclusion. 

With  regard  to  the  destructive  action  of  the  seine  net  in  the  capture 
of  immature  herrings,  there  is  no  doubt  that  this  net  from  its  mode 
of  working  may  take  considerable  quantities  of  small  herrings  that 
would  escape  capture  by  the  drift  net  or  the  trammel  net,  and  in  this 
respect  the  seine  net  might  be  regarded  as  destructive.  But  there  is 
no  evidence  to  show  that  its  action  is  wasteful  or  injurious  to  the  per- 
manence of  the  supply  of  herrings  in  Loch  Fyne.  The  contraiy  is 
indicated  by  the  statistics  of  the  fishery,  which  prove  that,  while  the  use 
of  the  seine  net  has  increased,  the  supply  has  not  only  not  diminished 
but  has  been  augmented.  The  cjipture  of  immature  fish  is  incidental  to 
all  modes  of  fishing,  whether  by  net,  line,  or  trawl.  There  is  no 
fishery  in  which  the  fluctuations  are  more  marked  than  in  the  herring 
fishery ;  there  is  none  pursued  so  extensively,  and  yet  the  permanence 
of  the  supply  over  a  period  has  been  well  established. 

With  regard  to  the  winter  fishery  at  Ballantrae  Bank,  the  conditions 
are  very  different  from  what  they  are  in  Loch  Fyne.  The  area  of  the 
Bank  proper  is  limited  ;  the  water  is  comparatively  shallow,  and  the 
bulk  of  the  herrings  are  captured  while  spawning.  In  Loch  Fyne  the 
water  is  deep,  and  the  fishing  operations,  unless  when  conducted  close 
to  the  shore,  are  confined  to  the  stratum  near  the  surface,  and  the 
fishery  is  not  for  spawning  fish.  The  seine  net,  when  used  at  Ballantrae 
Bank,  extends  from  the  surface  tothebottom  and  encloses  everything  that 
coupes  within  its  reach,  and  there  is  little  doubt  that  it  is  in  the  jiower  of 
Feine-net  fishei  men  to  sweep  this  limited  area  almost  clean  of  herrings 
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for  the  time.  The  destruction  of  deposited  spawn  does  not  appear  to  b6 
of  much  importanee,  but  an  excessive  fishing  on  the  Bank  among  the 
spawning  shoals  and  constant  sweeping  6f  the  bottom  is  not  unlikely  to 
prove  injurious.  The  extent  of  the  spawning  ground  oft'  Ballantrae  is 
not  great.  Even  with  the  70  boats  which  were  sometimes  fishing  there 
during  the  season  just  passed  the  area  appeared  to  be  considerably 
crowded,  and  it  is  not  surprising  that  damage  occurs  to  the  set  nets  as 
alleged  by  the  trammel  fishermen.  There  are  reasons  to  believe  that 
the  prohibition  of  the  use  of  the  seine  net  during  a  part  of  February 
and  March  in  each  year  might  prove  beneficial  to  the  herring  fishery  in 
future  seasons,  and  would  not  cause  much,  if  any,  hardship  to  the 
seiners.  Their  nets  can  still  reach  the  bottom  in  the  somewhat  deeper 
water  outside,  beyond  the  actual  spawning  ground,  where  abundant 
catches  are  frequently  obtained.  The  following  boundaries  would  include 
the  area  in  question,  viz.,  a  straight  line  passing  seawards  in  a  N.W. 
direction  for  three  geographical  miles  from  Bennan  Head;  a  similar 
line  passing  for  the  same  distance  from  Downan  Point ;  and  a  line, 
parallel  with  the  shore,  between  the  extremities  of  the  above  lines. 
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VI.— THE  FISHES  OF  THE  FIRTH  OF  CLYDE. 
By  Thomas  Scott,  F.L.S.,  Mem.  Soc.  Zool.  de  France. 

It  has  been  considered  desirable  that  a  list  should  be  prepared  of  the 
fishes  which  have  from  time  to  time  been  observed  within  the  limits  of  the 
Clyde  estuary.  The  list  is  not  a  descriptive  one,  but  is  merely  an  enumera- 
tion of  the  various  species  which  have  come  under  the  notice  of  the 
writer,  together  with  those  which  have  been  recorded  by  different  authors 
who  have  written  on  the  fauna  of  the  Clyde,  or  which  have  been  seen  by 
persons  whose  accuracy  may  be  relied  on.  The  following  are  the  chief 
sources  from  which  my  information  concerning  Clyde  fishes  has  been 
obtained : — 

(1.)  A  List  of  Loch  Fyne  Fishes,  prepared  for  the  most  part  by  the  late 
George  Brook,  Esq.,  F.L.S.,  and  published  in  the  Fourth  Annual  Report 
of  the  Fishery  Board  for  Scotland  (1886).  (A  Revised  List  of  Loch  Fyne 
Fishes  is  published  in  the  Board's  Fifteenth  Annual  Report^  Part  III., 
1897).* 

(2.)  A  paper  by  Dr.  Albert  C.  L.  G.  Gunther,  F.R.S.,  entitled, 
"  Report  on  the  Fishes  obtained  by  Mr.  (now  Sir)  J.  Murray  in  deep 
water  on  the  North-West  Coast  of  Scotland,  between  April  1887  and 
February  1888,"  published  in  the  Proceedings  of  the  Royal  Society, 
Edinburgh,  Vol.  XV.  (1888).  In  this  report  31  species  are  recorded, 
one  of  which  was  new  to  science,  while  two  were  additions  to  the  British 
fauna.  The  species  recorded  in  Dr.  Giinther's  paper  were  mostly  from 
the  Clyde  area,  and  there  are  some  interesting  notes  on  the  bathy metrical 
distribution  of  the  species. 

(3.)  A  Vertebrate  Fauna  of  Argyle  and  tlie  Inner  Hebrides^  by  J. 
A.  Harvey-Brown  and  Thomas  E.  Buckley,  published  in  1892.  The  part 
of  this  work  which  is  referred  to  in  the  present  paper  is  the  separate  reprint 
of  the  list  of  fishes.  In  the  list  of  fishes  given  in  this  work,  the 
authors  include  Dr.  Giinther's  records  mentioned  above,  in  the 
form  of  foot-notes  under  each  of  the  species  to  which  the  records  specially 
refer ;  additional  Clyde  records  are  also  given  in  this  work. 

(4.)  The  statistics  published  in  the  Annual  Reports  of  tlie  Fishery 
Board  for  Scotland^  in  so  far  as  they  relate  to  the  fishes  of  the  Firth  of 
Clyde,  and  especially  to  those  fishes  which  have  been  captured  by  the 
Fishery  steamer  **  Garland." 

I  have  also  to  acknowledge  my  indebtedness  to  Mr.  Duthie,  the  Fishery 
Officer  at  Girvan,  and  to  Mr.  Gray  of  the  Marine  Station,  Millport,  Curabrae, 
for  interesting  information  relating  to  Clyde  fishes.     Other  sources  of- 
information  are  duly  acknowledged  in  the  sequel. 

Before  proceeding  with  the  enumeration  of  species,  it  may  be  of  interest 
to  refer  to  some  points  concerning  the  distribution  of  one  or  two  of  the 
forms  which  are  usually  considered  to  be  more  or  less  rare  in  the  Clyde 
area.  Previous  to  the  investigations  carried  on  by  Dr.  (now  Sir) 
John  Murray,  by  means  of  the  s.s.  "Medusa,"  the  fish  usually  called 
the  Sharp-tailed  Lumpenus,  Lumpenvs  lampetrmfonnis^  was  not  known 
to  occur  within  the  limits  of  the  Clyde ;  but  now,  by  the  use  of  a 
small-mesh  trawl-net,  this   fish  is  found  to  be   comparatively   frequent 

•  The  compiler  of  this  rovined  list  had  the  privilege  of  consulting  the  records  of  Loch 
Fyne  fauna  obtained  by  the  s.s.  "Medusa  "as  the  result  of  the  iQVostigatir>ni  carried 
on  by  Sir  John  Murray  on  the  West  Coast. 
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and  more  or  less  generally  distributed,  especially  in  the  deep-water 
area.  The  same  may  be  said  of  the  Argentine,  Argentina  8j)hyr(Bna. 
This  fish,  which  used  to  be  considered  a  rare  species  in  the  Clyde, 
is  really  not  very  uncommon  when  sought  for  with  suitable  appliances. 
It  may  be  pointed  out  further  that  if  anyone  were  to  look  through 
the  lists  of  Clyde  fishes  captured  by  the  "Garland,"  he  would  fail 
to  find  a  single  record  of  a  Halibut,  which  is  only  occasionally  taken 
by  a  trawl.  Moreover,  the  halibut  is  not  mentioned  for  the  Clyde  in 
Dr.  GUnther's  paper,  nor  in  the  work  published  by  Harvey-Brown 
and  T.  E.  Buckley  already  cited,  yet  the  Fishery  Officer  at  Girvan 
informs  me  that  halibut  are  not  very  rare  in  the  seaward  part  of  the 
Clyde  estuary,  and  that  they  are  sometimes  caught  in  the  deep  water 
off  Ayr;  while  in  a  letter,  dated  the  28th  December  last,  he  states  that 
he  had  seen,  a  few  days  before,  a  young  halibut  landed  at  Girvan,  which 
had  been  caught  between  that  place  and  Ailsa  Craig,  and  which  weighed 
about  a  stone. 

In  looking  through  the  statistics  of  the  steamer  "Garland,'*  it  will 
also  have  been  observed  that  Turbot  and  Brill  are  not  very  frequently 
mentioned  in  the  lists  of  fishes  captured  by  the  steamer  in  the  Clyde 
estuary,  yet  there  is  a  more  or  less  regular  turbot  fishery  carried  on  off 
Girvan,  and  sometimes  a  considerable  number  of  these  fishes,  captured  in 
the  Clyde  by  gill-nets,  are  brought  to  market.  It  is  obvious  from  facta 
such  as  these  that,  though  one  mode  of  fishing  may  yield  negative  results 
in  Tespect  of  certain  si>ecies,  it  does  not  necessarily  follow  that  these 
species  are  absent  or  even  rare.  The  results  obtained  by  the  use  of  the 
ordinary  beam  or  otter  trawl  are  usually  very  different  from  those 
obtained  by  the  use  of  special  nets  or  lines,  therefore  a  kind  of  fish  that 
may  be  seldom  or  never  captured  by  one  set  of  appliances,  may  by  the 
use  of  a  different  set  be  found  comparatively  frequent. 

The  present  enumeration  comprises  113  species  of  Clyde  fishes,  but  the 
occurrence  of  one  or  two  of  these  appears  to  be  somewhat  doubtful;  and  it  is 
also  very  desirable  in  the  case  of  one  or  two  others  which,  though  their 
presence  in  the  Clyde  seems  to  be  fairly  well  attested,  further  information 
should  be  obtained  concerning  them.  I  have  indicated  such  species  by 
enclosing  their  names  within  square  brackets,  and  also  by  the  notes  referring 
to  them. 

There  are  several  kinds  of  fishes  which  appear  to  be  equally  at  home 
in  the  sea  and  in  brackish  water,  and  in  some  cases  even  in  water  that  is 
fresh  or  nearly  so ;  and  there  is  a  considerable  divergence  of  opinion  as  to 
which,  and  how  many,  of  these  should  be  included  in  lists  of  viarinp. 
species,  and  of  those  which  should  more  properly  be  regarded  as  fresh- 
water  forms.  One  has  only  to  compare  Professor  11.  G.  Seeley's  interest- 
ing work  on  TJie  FresJi- Water  Fishes  of  Europe  with  that  of  The  British 
Marine  Food-Fislies,  by  Professor  Mlntosh  and  ^Ir.  A.  T.  Masterman,  to 
find  examples  of  this  difference  of  opinion.  In  the  present  list  there  will 
probably  be  found  species  which,  in  the  opinion  of  some  people,  should 
have  been  excluded  as  belonging  more  prooerlv  to  the  fresh-water  group ; 
but  when  we  find  distinguished  writers  failing  to  agree  on  sucu  a  point  as 
this,  I  may  be  excused  if  unable  to  prepare  a  list  perfect  in  this  respect. 
The  basis  of  this  list  is  the  enumeration  of  Loch  Fyne  fishes,  already 
referred  to,  prepared  by  the  late  George  Brook,  Esq.,  and  published  in 
1886. 

I  have  followed  as  far  as  possible  the  nomenclature  used  by  Professor 
M*Intosh  and  Masterman  in  their  British  Marine  Food-Fislies^  while  the 
arrangement  of  the  species  is  in  accordance  with  that  of  the  History  of 
British  Fislies  by  Dr.  Francis  Day. 
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The  following  abbreviations  are  also  used  : — 

(B.  &  S.)  Refers  to  the  list  of  Loch  Fyne  tishes  published  in  the  Fourth 

Annual  Report  of  the  Fishery  Board  for  Scotland, 
(Gilnther)  Refers  to  Dr.  Giinther's  paper  published  in  the  Proceedings  of  the 

Royal  Society,  Edinburgh,  1888,  ^'ol.  XV.,  pp.  205-220. 
(H.B.)  Refers  to  the  separate  reprint  of  the    List  of  Fishes  published  in 

Harvey-Brown  and  Buckley's  work  on  the  Vertebrate  Fauna  of  Argyle 

and  the  Liner  Hebrides. 
(G.)  Refers  to  the  "  Garland's  "  stetistics. 
(M.)  Refers  to  MS.  records  for  Loch  Fyne  of  the  8.s.  **  Medusa,"  showing 

some  of  the  records  obtained  by  Sir  John  Murray  while  investigating 

the  marine  fauna  and  flora  of  the  West  Coast. 


SUB-CLASS   TELEOSTEl. 
Order  ACANTHOPTERYGIL 

Fam.    PEBGIDiE. 

Polyprion  amerieanus    (fil.  Schneider).     The  Stone  Basse. 

This  is  the  Polyprion  cernium  of  Day's  British  Fishes.  "One  was 
taken  years  ago  at  the  mouth  of  the  Clyde''  (Aflalo).  "  It  was  also  taken 
oflf  Little  Cumbrae  in  1870  by  Dr.  J.  Young  "  (H.B.  p.  184).  The  Stone 
Basse  appears  to  be  only  an  occasional  visitor  to  the  Clyde,  for  although 
it  is  included  in  the  Vertebrate  Fauna  of  Argyle  and  the  Inner  Hebrides 
the  above  is  the  only  locality  for  the  species  given  by  the  authors. 

Fam.  MuLLiDiE,  Swainson. 

Midlus  barbatus,  Linn^.     Surmullet,  Bed  Mullet. 

Loch  Fyne  (Captain  Campbell  of  Inverneil).  Captain  Campbell  in 
referring  to  this  species  says : — "I  caught  one  in  Loch  Fyne  ...  in 
a  trammel  net  in  10  fathoms,  and  though  I  tried  in  many  places  for  them 
I  never  got  another  "  (see  H.B.,  p.  185). 

Fam.  Spabid^,  Cuvier. 

Pagellus  centrodontus  (De  la  Roche).     The  Common  Sea  Bream. 

One  specimen  of  Pagellus  centrodontus  was  taken  by  Mr.  M.  P.  Bell 
at  Cumbrae,  on  July  12th,  1885  (see  Robertson  in  Proc.  N.H.S.  Glasgow, 
VoL  I.,  p.  119).  When  at  Tarbert  in  1885-86,  I  remember  seeing  a 
specimen  which  was  washed  ashore  in  East  Ix)ch  Tarbert,  and  which  ap- 
peared to  have  been  but  a  short  time  dead.  It  was  probably  captured  in 
the  nets  of  the  herring  boats  fishing  in  the  vicinity  of  East  Tarbert  and 
having  been  thrown  back  into  the  sea  had  drifted  ashore.  In  the 
Vertebrate  Fauna  of  Argyle  and  the  Inii/er  Hebrides,  Pagdlus  centrodontus 
is  described  as  "locally  numerous  throughout  the  West  of  Scotland." 
The  species  is  sometimes  brought  in  in  large  numbers  to  the  fish  market 
at  Aberdeen. 

Fam.  CoTTiDiK. 

Cottus  scorpiuSf  Linn^.     The  Sea  Scorpion. 

Cottus  scorpius  is  generally  distributed  throughout  the  Clyde  and 
Loch  Fyne,  but  it  seems  to  be  more  frequent  inshore  than  in  deep  water. 
'*Two  immature  specimens  were  taken  between  Cloch  Lighthouse  and 
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Whiting  Bay  in  15  to  30  fathoms  in  July,  and  one  immature  specimen 
between  French  and  Kilbrennan  Sound  in  10  to  14  fathoms  in  March" 
(Giinther).  The  variety  groslandicus  is  also  occasionally  obtained  in 
Loch  Fyne;  a  specimen  of  the  variety  in  the  Fishery  Board's  collection  at 
Bay  of  Nigg  measures  slightly  over  one  foot  in  length.  Dr.  Day  remarks 
that  the  sea  scorpion  is  said  to  attain  to  six  feet  in  length  in  the  Greenland 
seas,  while  the  largest  recorded  example  in  Great  Britain  is  fifteen  inches. 

Cottua  bubcUiSf  Euphras^n.     The  Father  Lasher. 

Moderately  common  in  Loch  Fyne  (B.  <fe  S.,  1886).  "A  very  young 
specimen  was  obtained  at  the  Mull  of  Cantyre  in  60  fathoms  in  February, 
and  another  immature  one  in  the  Sound  of  Sanda  in  20  fathoms  in  March, 
1 885  "  (Giinther).  Little  Harbour,  Upper  Loch  Fyne,  December  1896. 
Off  Inveraray,  1897.  Young  specimens  are  moderately  frequent  amongst 
seaweed  in  the  shallow  inshore  bays  of  Loch  Fyne. 

Coitus  lilljeborgii,  CoUett.     The  Norway  Bullhead. 

"Off  Ardrossan,  15  to  30  fathoms;  Sound  of  Sanda,  20  fathoms " 
(Giinther).  This  is  one  of  the  species  added  to  the  British  fauna  by  Dr. 
(now  Sir)  John  Murray.  It  seems  to  be  a  small  speciea  The  specimen 
caught  off  Ardrossan  measured  2^  inches  in  length,  while  that  from  the 
Sound  of  Sanda  was  only  IJ  inches  long. 

Trvjla  Ittieatay  Gmehn.     The  Streaked  Gurnard. 

East  Loch  Tarbert,  Loch  Fyne,  not  common  (B.  tb  S.).  One  was 
obtained  in  the  trawl  of  the  s.s.  "Grarland"  at  trawling  Station  VL* 
(near  the  mouth  of  the  Clyde),  on  November  25th,  1895.  Two  were 
captured  at  trawling  Station  XI.  on  April  21st,  1897,  and  another  at 
Station  VIII.  in  September  of  the  same  year.  Mr.  Pearcey  records  that 
five  were  caught  last  year  (1899)  at  Stations  I.,  VL,  VIL,  and  IX.  Dr. 
Day  refers  to  one  specimen  of  T,  lineata  having  been  procured  near 
Ayr,  and  a  second  in  October  1844  at  Glasgow.t  It  appears  to  be  a  rare 
species  in  the  Clyde. 

Trigla  cuculus,  Linn6.     The  Red  Gurnard. 

Red  Gurnards  are  occasionally  captured  by  the  "Garland"  in  the 
seaward  part  of  the  Clyde  estuary,  but  do  not  seem  to  be  very  common. 
They  appear  to  have  been  more  frequently  recorded  from  the  Clyde  last 
year  (where  the  "  Garland  "  was  chiefly  employed)  than,  for  some  years 
previously.  In  looking  over  the  returns  of  the  "Garland"  for  1899,  it 
is  interesting  to  observe  that  while  these  fishes  were  captured  in  every 
haul  made  at  Station  VL,  at  Station  VIII.  they  occurred  in  three  of  the 
hauls,  and  in  only  two  of  the  hauls  made  at  each  of  the  Stations  I.,  VIL, 
IX.,  and  X.  At  Stations  III.  and  XII.  they  were  only  once  captured, 
and  none  are  recorded  from  any  of  the  hauls  made  at  Stations  II.,  IV., 
v.,  and  XL 

Ninety  hauls  were  made  by  the  "  Garland"  last  year  at  Stations  I. 
to  XII.,  and  Red  Gurnards  were  obtained  in  twenty-one  of  them ;  the 
number  of  specimens  recorded  from  these  twenty-one  hauls  is  73,  and  the 
number  obtained  in  each  haul  may  be  summarised  as  follows : — 

*  Tho  HitiiAtion  uf  tlio  Stationn  is  described  on  p.  20  of  thin  K«]>ort. 
t  lin'fish  FiiJits,  Vol.   I.,  p.  58. 
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7   hauls  contained    1   Red   Garnard   each  =    7. 

3      „  „  2   Eed  Gurnards  each  =    6. 

3 

3 

1 

1 

2 

1 

21  73 

Fifteen  specimens  of  Red  Gurnards  were  obtained  in  one  haul  at 
Station  YIII.  in  December  1898,  but  such  a  large  number  in  one  huul  is 
exceptional.  They  are  also  recorded  by  Landsborough  in  his  Natural 
History  of  Arran,  p.  492. 

Trigla  lucema,  Linn^.     The  Sapphirine  Gurnard. 

This,  which  is  the  Trigla  hirundo  of  Day's  British  Fishes,  appears 
also  to  be  moderately  rare  in  the  Clyde.  Thompson  remarks  that  he  has 
seen  this  species  in  autumn  captured  in  salmon  nets  at  Ballantrae,  in 
Ayrshire,  and  on  different  parts  of  the  coast  in  the  country  (Day).*  I  do 
not  find  it  recorded  amongst  the  captures  of  Clyde  fishes  made  by  the 
Fishery  steamer  "Garland." 

Trigla  gurnardusy  Linn6.     The  Grey  Gurnard. 

Common,  and  generally  distributed  throughout  the  seaward  part  of 
the  Clyde  and  in  Loch  Fyne,  especially  during  the  summer  months.  This 
seems  to  be  a  common  species  throughout  the  Scottish  seas.  Large 
quantities  of  gurnards  are  sometimes  landed  at  the  fish  market  at  Aber- 
deen, and  they  nearly  all  belong  to  this  species. 

Trlglops  mwrayi,  Giinther.     Murray's  THglops. 

"Several  specimens  from  2^  to  4  inches  long  were  obtained  at  the 
Mull  of  Canty  re  at  a  depth  of  64  fathoms  in  the  months  of  February  and 
March,  and  4  miles  south-east  of  the  Island  of  Sanda  in  35  fathoms  in  the 
middle  of  March  1887  "  (Giinther).  One  specimen  2|  inches  long  was 
captured  in  the  shrimp-trawl  of  the  "Garland,"  in  the  vicinity  of  Sanda, 
November  1896.  Triglops  murrayi  is  described  as  closely  allied  to 
Trigla  peiigdlii  ;  it  is  one  of  the  species  added  to  the  British  fauna  by  Dr. 
(now  Sir)  John  Murray. 

Fam.  Cataphracti,  Miiller. 

Agonus  cataphrOctus,  Linne.     The  Pogge. 

Ardrishaig  (Dr.  Scouler).  Occasionally  in  other  parts  of  Loch  Fyne 
and  the  Clyde  estuary.  "  Five  specimens  from  the  Mull  of  Cantyre,  49  to 
50  fathoms,  February.  Two  specimens  from  Kilbrennan  Sound,  10  to  20 
fathoms,  March  1888  "  (Giinther).  It  has  also  been  got  by  the  "  Garland" 
at  Stations  I.  and  YI. 

Fam.  Pediculati,  Cuvier. 

Lophius  piscatonus,  Linne.    The  Angler. 

The  Angler  is  frequently  taken  in  the  trawl-net  of  the  Fishery 
steamer  "Garland,"  and  especially  at  those  stations  where  the  water  ia 

•  *  nrUL^h  Fishes,  Vol.  I.,  p.  62. 
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moderately  deep.  One  or  more  are  got  in  most  hauls  of  the  trawl  at  all 
the  Stations,  except  in  Loch  Fyne,  where  it  is  much  less  common.  No 
specimens  have  been  caught  at  Stations  XV.  or  XVII.;  one  was  taken  at 
Station  XVI.  in  over  60  fathoms.  The  largest  obtained  was  49  inches 
(Station  L,  30th  May  1899).  Lophiua  is  sometimes  obtained  larger  than 
any  of  the  Clyde  specimens;  in  December  1841  Thompson  examined  one 
that  was  four  and  a  half  feet  in  length.* 

Fam,  Traohinid^  Risso. 

Trachinus  vipera,  Cuvier.     The  Lesser  Weaver. 

Recorded  from  Arran  by  Dr.  Landsborough  in  his  Natural  History 
of  Arran,  p.  318.  He  states  that  the  lesser  weaver  is  known  to  the 
people  at  Lamlash  as  the  "  Stangster  "  or  "  Stang-fish." 

Fam.  ScoMBEUDiS,  Cuvier. 

Scomber  scoTtibrus,  Linn^.     The  Mackerel. 

Shoals  of  mackerel  are  occasionally  observed  both  in  the  Clyde 
estuary  and  in  Loch  Fyne,  and  considerably  over  a  thousand  cwts.  are 
usually  landed  by  fishermen  each  year.  Dr.  Day,  though  he  gives  a  very 
full  description  of  the  habits,  habitats,  etc.,  of  the  mackerel,  makes  no 
allusion  to  its  occurrence  in  the  Clyde  or  Loch  Fyne,  neither  is  any 
notice  taken  of  its  occurrence  in  these  places  in  the  Vertebrate  Fauna  of 
Argijle  and  the  Inner  Hebrides, 

Orcynue  thynnue,  linne.     The  Tunny. 

Pennant  records  a  specimen  weighing  460  lbs.  taken  at  Inveraray  in 
1769.  An  example,  9  feet  long,  was  captured  in  the  Gareloch,  nearly 
opposite  Greenock,  in  July  1831.t  This  last  specimen  is  said  to  have 
been  in  pursuit  of  herrings. 

Thynnue  pelamys,  Linn6.     The  Bonito. 

One  was  captured  in  the  Clyde  in  July  1832,t  aud  purchased  for 
the  Anderson ian  Institute  of  Glasgow. §  Jenyns  is  doubtful  if  the  fish 
recorded  by  Dr.  Scouler  is  the  true  Thynnue  pdamys,  but  suggests  that  it 
is  more  likely  to  be  the  next  one. 

Felamys  eardUy  Bloch.     The  Belted  Bonito. 

One  was  captured  in  the  Clyde  in  1859,  and  is  now  in  the 
Hunterian  Museum,  Glasgow. 

Fam.  CoHYPHiKNiDiS  (part),  Swainson. 

Brama  rait,  Bloch.     Ray's  Bream. 

One  specimen  in  the  Hunterian  Museum  was  taken  near  Ayr  (H.B., 
p.  188). 

Lampris  luna^  Gmelin.     The  Opah  or  King  Fislu 

One  was  taken  in  the  Clyde  in  1833  (Scouler).  A  specimen  of  the 
king-fish  in  the  Hunterian  Museum,  Glasgow,  was  captured  in  the  Clyde 
in  1864. 

*  Day,  BrUlsh  Finfi^^j  Vol.  I.,  p.  76. 

t  Day,  British  Fishes,  Vol.  I.,  p.  97. 

J  Scouler,  Mag.  Nat.  Uisiory,  Vol.  VI.,  p.  529  (1833). 

§  Day,  British  Fishes,  Vol.  I.,  i).  101. 
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Fam.  Cyttidje,  Kaup. 

Zeus/aber,  Linne.     The  John  Dory. 

The  John  Dory  has  been  taken  off  Rothesay  (H.B.,  p.  186) ;  in 
Loch  Fyne  (B.  &  S.) ;  in  Kilbrennan  Sound  in  the  shrimp-trawl  of  the 
Fishery  steamer  "Garland/'  and  in  other  parts  of  the  Clyde  estuary 
(Stations  I.,  11.,  III.,  VI.,  and  VII.),  but  most  of  the  Clyde  specimens  I 
have  seen  are  small  and  immature.  Those  taken  by  the  "Garland" 
usually  range  from  10  to  14  inches;  the  largest  was  19  inches  and  the 
smallest  three  inches. 

Fam.  GoBiiD^,  Cuvier. 

Grohiiu  flavescensy  Fabricius.     The  Two-Spotted  Goby. 

Loch  Fyne  (Dr.  Scouler) ;  common  amongst  Zostera  in  East  Loch 
Tarbert  (B.  &  S.) ;  Upper  Loch  Fyne  (M.) ;  also  in  various  parts  of 
the  Clyde  estuary  (G.).  Though  Gobius  flavescens  is  widely  distributed 
throughout  the  Clyde  area  it  does  not  appear  to  be  very  common.  This 
is  the  (xohivs  nUhensparri  of  Day's  British  Fishes. 

Gohius  niger,  Linn6.     The  Black  Goby. 

Taken  in  the  Clyde  area  (H.B.,  p.  193).  Moderately  common, 
especially  off  shore;  but  most  of  the  specimens  captured  by  the 
"  Garland  "  are  of  comparatively  small  size,  few  of  them  reaching  a  length 
of  four  inches. 

Oobitts  minutuSf  Gmelin.     The  Spotted  or  Speckled  Groby. 

Common,  and  generally  distributed  throughout  the  estuary,  includ- 
ing Loch  Fyne  and  the  other  sea-lochs  within  the  Clyde  area,  Giinther 
records  Gobius  minufus  from  Loch  Goil  in  45  fathoms,  and  in  the 
vicinity  of  Cloch  Lighthouse  in  43  fathoms.  It  has  also  been  taken  by 
the  "Grarland"  at  the  head  of  Upper  Loch  Fyne  in  from  17  to  35 
fathoms. 

Gobius  Jeffrey diy  Giinther.     Jeffrey's  Goby. 

"  Three  specimens  were  obtained  in  April,  viz.,  in  Lamlash  Bay  (6 
to  18  fathoms),  off  Whiting  Bay  (20  fathoms),  and  off  Cumbrae  Light 
(56  fathoms).  Five  specimens  in  August  off  the  Cloch  Lighthouse  in  43 
fathoms.  Two  adult  specimens,  male  and  female,  obtained  in  Kilbrennan 
Sound  at  an  uncertain  depth  (10  to  45  fathoms)  on  March  22nd,  1888  " 
(Giinther).  Tliis  species  has  not  yet  been  obtained  by  the  Fishery  steamer 
"  Garland." 

Several  of  the  species  of  Gobius  are  somewhat  diflScult  to  make  out, 
and  it  is  jiist  possible  that  other  species  in  addition  to  those  named  may 
also  occur  in  the  Clyde. 

Fam.  Callionymid^  Richardson. 

Callioi)>ymus  iyra^  Linne.     The  Dragonet  or  Gemmeous  Dragonet, 

The  dragonet  is  not  uncommon  in  the  Clyde  and  Loch  Fyne  ;  it  is 
frequently  mentioned  amongst  the  captures  of  fishes  made  by  the  Fishery 
steamer  "Garland,"  and  especially  amongst  the  fishes  taken  with  the 
shrimp-trawl.  As  many  as  47  specimens  were  recorded  from  one  haul 
made  on  November  11th,  1896,  and  Mr.  Pearcey  records  125  specimens 
captured  in  a  single  haul  on  September  5th  1897,  between  Cantyre  and 
Ailsa  Craig. 
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Callionymus  maeulatus  (Bonaparte).     The  Spotted  Dragonet. 

Kilbrennan  Sound,  rather  abundant  at  26  fathoms ;  Sound  of  Sanda, 
24  to  28  fathoms  (H.B.,  p.  194).  Occasionally  captured  in  the  shrimp- 
trawl  of  the  Fishery  steamer  **  Garland." 

Fam.  Discoboli,  Cuvier. 

Cyclopterus  lumpuSf  Linn6.     The  Lumpsucker  or  Cock-Paidle. 

The  lumpsucker  is  occasionally  captured  in  the  Clyde  by  the 
'*  Garland."  Young  specimens  are  sometimes  observed  in  the  tow-net 
gatherings  collected  in  Loch  Fyne  as  well  as  in  other  parts  of  the  Clyde 
estuary.      Thompson  mentions  its  existence  in  the  vicinity  of  Ayrshire.* 

Oydogaater  Hpairis,  Fleming.     The  Sea  Snail  or  Sucker. 

The  sucker  is  not  uncommon  in  Loch  Fyne,  and  also  in  the  Clyde, 
but  usually  inshore  where  the  water  is  shallow  and  the  bottom  weedy. 
It  is,  however,  recorded  from  water  that  is  also  of  considerable  depth. 
Dr.  Giinther  in  his  report  to  the  Royal  Society  of  Edinburgh  t  records 
many  specimens  from  49  and  64  fathoms  in  the  vicinity  of  the  Mull  of 
Cantyre,  and  three  specimens  from  30  to  40  fathoms  between  Cumbrae 
and  Wemyss  Point.  It  has  been  got  by  the  "  Garland  "  in  66  fathoms,  8 
miles  W.  by  N,  of  Corsewall  Point,  and  in  the  same  depth  S.E.  of  the 
Mull  of  Cantyre. 

Cydogaster  montagui,  Donovan.     Montagu's  Sucker. 

Not  so  common  as  the  last,  but  the  habitat  is  somewhat  similar. 

Fam.  GoBiBSOCiD^,  Bleeker. 

Lepadogaster  gouanii  (Lacep.).     The  Cornish  Sucker. 

This  species  has  been  taken  at  Millport  (H.B.,  p.  198).  I  have  not 
yet  seen  a  Clyde  specimen  of  Lepadogaster  gouanii ;  but  probably  it  may 
not  be  very  rare  if  sought  for  in  the  right  places. 

Lepadogaster  bimaculatua  (Cuvier).     The  Doubly-spotted  Sucker. 

Recorded  by  Dr.  Landsborough  from  Lamlash  Bay,  Arran.  He 
describes  it  as  **far  from  being  rare." J     Taken  in. the  Clyde  area  (H.B.). 

Anarrhichas  lupus^  Linn6.     The  Wolf  Fish,  Cat  fish. 

Not  uncommon  amongst  the  captures  of  fishes  made  by  the  8.8. 
"  Garland,"  both  in  the  Clyde  and  Loch  Fyne. 

Fam.  Blenniid^,  Swainson. 

Blennius  ph^Iis,  Linn6.     The  Shanny. 

In  Clyde  area  (H.B.,  p.  185).  Mr.  Alex.  Gray,  of  the  Marine 
Station,  Millport,  Cumbrae,  in  a  note  dated  December  11th,  1899,  says: — 
*'  Last  sprin*^  I  caught  a  specimen  of  Blennius  pholis  here,  and  kept  it 
alive  for  about  four  months.  Unfortunately  it  managed  somehow  to 
jump  out  of  the  tank,  and  in  the  morning  I  found  it  on  the  floor,  dead. 
It  is  now  in  our  collection,  preserved  in  formaline." 

•  Day,  Bntiih  Fishet,  Vol.  I.,  p.  182. 

t  Proc.  Vol.  XV.,  p.  41. 

X  Natural  History  of  Arran  (1875),  p.  328. 
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CfUrolophis  gdLei*ita^  Linn^.     Yarreirs  Blenny. 

One  specimen  was  taken  amongst  boulders  at  low  water  in  Eajst  Loch 
Tarbert  in  1885  (B.  k  S.).  Ballantrae  Bank,  one  specimen  in  January 
1899  (G.). 

Pholis  gunnellus,  Linn6.     The  Gunnel  or  Butter-fish. 

The  butter-fish  is  common  and  generally  distributed,  and  especially 
inshore  amongst  weed  and  stones,  where  it  may  frequently  be  found  when 
the  tide  recedes. 

Euehdyopus  (Zoarces)  viviparus^  Linu^.     The  Viviparous  Blenny. 

A  specimen  of  this  'species,  captured  in  the  vicinity  of  Row,  near 
Helensburgh,  is  in  the  collection  of  the  late  Dr.  Robertson  of  Millport  at 
the  Marine  Station  there.  I  am  indebted  to  Mr.  Gray,  the  Curator,  for 
this  record. 

In  the  Verfehrate  Fauna  of  Argyle  and  the  Inner  Helirid€8,  the 
viviparous  blenny  is  recorded  from  Loch  Creran,  the  Sound  of  Jura,  and 
from  Glenshiel,  "but  it  seems  to  be  rare  on  the  West  Coast"  There 
is  no  Clyde  record  for  the  species  in  this  work. 

Lumpenus  lampetrtpformis  (Walbaum).     The  Sharp-tailed  Lumpenus. 

"  Three  adult  specimens  were  found  between  Cumbrae  and  Skelmorlie 
Lighthouse  in  20  fathoms  in  April  1887,  and  at  Cumbrae  Lighthonse  in 
60  fathoms  in  February  1888*'  (GUnther).  Occasionally  captured  off 
shore  in  the  shrimp  trawl-net  of  the  Fishery  steamer  "  Garland."  As 
many  as  a  dozen  specimens  of  this  rare  species  have  been  taken  at  one 
time  by  the  Fishery  steamer  in  the  lower  part  of  the  Clyde  estuary,  whilst 
in  1896  four  specimens  were  captured  near  the  head  of  Upper  Loch  Fyne. 

It  requires  a  net  with  moderately  close  meshes  to  capture  this  species — 
an  ordinary  trawl-net  is  usually  inefiective. 

In  a  work  on  British  Natural  History  published  in  1898,  the  author, 
F.  G.  Aflalo,  has  the  following  note  within  square  brackets  at  p.  371  : — 
"The  sharp-tailed  lumpenus  was  once  trawled  (1884) off  the  Carr  Light- 
ship," and  he  adds  that  he  gives  this  record  "on  the  authority  of  M'Intosh 
and  Masterman'*;  evidently  he  was  unaware  of  Dr.  Giinther's  records  for 
the  Clyde,  and  the  Fishery  Board's  for  the  Firth  of  Forth. 

Fam.  Cepolid.«,  Bleeker. 

Cepola  ruhescens,  Linn^.     The  Red  Band  Fish. 

One  15|  inches  long  was  taken  on  a  whiting  line  7  miles  south  of 
Ayr  (Harvey).  Another  19 J  inches  long  was  found  on  the  beach  at 
Ballantrae  after  a  storm  (Thompson).  "  Two  have  been  taken  on  the 
Ayrshire  coast  just  inside  the  Clyde  area"  (H.B.,  p.  195).  Perhaps 
this  last  record  refers  to  the  same  specimens  mentioned  by  Harvey  and 
Thompson. 

Fam.  AiHERiNiDiE,  GUnther. 

Atherina presbyter,  Cavier.     The  Sand  Smelt  or  Atherine. 

Frequent  amongst  zostera  in  East  Loch  Tarbert  in  the  spring  of  1885, 
but  not  met  with  later  (B.  &  S.).  Mr.  Gray,  of  the  Millport  Marine 
Station,  states  : — "  On  two  occasions  I  saw  shoals  of  these  little  fishes  in 
Campbeltown  Loch — once  at  the  Kilbrennan  shore,  where  they  were 
pursued  by  a  number  of  guillemots,  which  chased  them  so  keenly  that 
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they  jamped  clean  up  on  the  gravelly  beach,  and  I  collected  quite  a 
number  of  living  specimens.  Many  of  the  fishes  were  fully  two  feet  from 
the  water's  edge." 

Fam.    MuQiLiDfi. 

Mugil  capitOf  Cuvier.     The  Grey  Mullet. 

The  "  ear-stones**  {otolites)  of  a  grey  mullet  {Mugil  capito,  Cuv.), 
captured  in  the  Clyde  off  Fairlie,  are  in  the  collection  of  the  late  Dr. 
Robertson  of  Millport,  at  the  Marine  Station  there.  I  am  indebted  to 
Mr.  Gray,  the  Curator,  for  this  record. 

In  the  Vertebrate  Fauna  of  Argyle  and  the  Inner  Hebrides,  MugU 
eapito  is  recorded  from  several  localities  on  the  West  Coast  of  Scotland, 
but  there  is  no  record  of  it  from  the  Clyde. 

Fam.     GASTEROSTKIDiK. 

Oasterosteus  aculeatus,  Linn^.     The  Three-spined  Stickleback. 

Captured  occasionally  with  the  push-net  at  various  parts  of  the  shores 
of  Loch  Fyne  ;  we  have  it  also  from  other  parts  of  the  Clyde  estuary. 

Gasterosteus  spinachia,  Linn^.     The  Fifteen-spined  Stickleback. 

The  fifteen-spined  stickleback  is  more  or  less  common  amongst  sea- 
weed in  shallow  water ;  it  is  generally  distributed  along  the  shore  line,  both 
of  the  Clyde  estuary  and  the  lochs  branching  from  it. 

Fam.  Labrida,  Cuvier. 

Labrus  bergylta,  Ascanius.     The  Ballan  Wrasse. 

The  Ayrshire  and  Wigtown  coasts  (Thompson).  In  the  Clyde  area 
(Dr.  J.  Young,  vide  H.B.,  p.  199).  Frequent  in  Loch  Fyne  in  the 
autumn  {B,  &  S.). 

Labrus  mixtus.  Linnet.     The  Striped  Wrasse. 

Taken  occasionally  at  the  mouth  of  East  Loch  Tarbert,  Loch  Fyne 
(B.  <fe  S.).  It  is  also  recorded  in  Harvey-Brown's  Vertel/rate  Fauna  of 
Argyle  and  the  Inner  Hebrides,  and  on  the  authority  of  Dr.  J.  Young  as 
occurring  in  the  Clyde  area. 

A  male  and  a  female  of  this  species  were  captured  in  Ayr  Bay  by  a 
fisherman  on  January  30th  this  year  (1900);  the  specimens  were  secured 
by  Mr.  Duthie,  Fishery  Officer,  Girvan,  who  happened  to  be  in  Ayr  at  the 
time,  and  were  forwarded  by  him  to  the  Laboratory  at  Bay  of  Nigg. 

Crenilabrus  melops,  Linn^.     The  Goldsinny  or  Corkwing. 

A  small  specimen  of  the  goldsinny  was  captured  by  the  "  Garland  " 
near  Cairndow,  at  the  head  of  the  Loch  Fyne,  in  August  1899.  One 
specimen  from  Lamlash  Bay  in  6  to  18  fathoms,  April  (GUnther). 

Ctenolabrus  rupestris,  Linn6.     Jago's  Goldsinny. 

Common,  especially    near    Skate    Island,    Loch  Fyne  (B.   &   S.). 
Occasionally  obtained  in  the  trawl-net  of  the  Fishery  steamer  "  Garland." 
One  specimen  was  obtained  in  Lamlash  Bay  in  6  to  18  fathoms,  in  April 
and  another  between  Curabrae  and  SkelmorlieBuoy  in  20  fathoms  in  the 
same  month,  1887  (Giiuther). 
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Cenlrolabrua  exoletus,  Linne.     Small-mouthed  Wrasse,  Rock  Cook. 
Taken  occasionally  in  Loch  Fyne  (B.  <k  S.). 

Corisjulis  (Linn^).     The  Rainbow  Wrasse. 

Recorded  for  the  Clyde  area  on  the  authority  of  Dr.  J.  Young  (H.B., 
p.  200). 

Order  ANACANTHINL 

Fam.  GADiDiE,  Cuvier. 

Gadua  callarius^  Linne.    The  Cod. 

Common  and  generally  distributed.  The  natural  habitat  of  the  cod 
is  in  moderately  deep  water ;  this  is  shown  by  the  fact  that  if  they  are 
exposed  for  a  lengthened  period  to  daylight  their  eyes  become  more  or 
less  diseased.  When  at  Rothesay  Aquarium  in  1886-87  I  observed  that 
the  eyes  of  almost  all  the  specimens  of  cod  kept  there  were  diseased,  and 
one  specimen  was  entirely  blind  and  had  to  be  fed  separately.  This 
disease,  which  at  first  took  the  form  of  an  opaque  white  spot,  but  which 
gradually  ej^tended  all  over  the  eye,  was  ascribed  to  the  fish  being  kept 
exposed  to  the  daylight.  The  cod  were  the  only  fishes  in  the  Aquarium 
that  were  atfected  in  this  way. 

Oadus  aglefinuSf  Linne.     The  Haddock. 

More  or  less  frequent,  and  generally  distributed  throughout  the  Clyde 
area,  but  much  less  abundant  than  on  the  East  Coast.  Upper  Loch  Fyne' 
in  the  centre  in  65  to  70  fathoms  (M.). ;  between  Penny  more  and 
Inveraray  (G.). 

Gadus  luseus,  Linne.     The  Bib,  or  Whiting  Pout. 

Occasionally  in  Tarbert  harbour  (B.  &  S.) ;  Tarbert  Bank,  Lower 
Loch  Fyne ;  and  between  Dunderawe  and  Cairndow,  Upper  Ix)ch  Fyne 
(G.).  Generally  distributed  throughout  the  Clyde  estuary,  but  seldom 
more  than  8  to  10  inches  in  length.  Two,  13  inches  in  length,  were 
obtained  near  Sanda  Island  in  May  1897.  A  specimen  in  the  Fishery 
Board's  collection  in  the  Laboratory  at  Bay  of  Kigg  measures  fully  15 
inches  in  length. 

Gadus  mt7mtusy  Linne.     The  Poor  or  Power  Cod. 

Dr.  Giintber  in  his  paper  on  Clyde  Fishes  states  that  "the  specimens 
obtained  on  March  10th  and  17th  were  ready  to  spawn,  and  had  fed  on 
Nyctiphahes,  sand  eels,  and  Aphrodite."  This  Gadus  is  usually  more  or 
less  in  evidence  amongst  the  contents  of  the  shrimp-trawl  of  the  Fishery 
steamer  "  Garland.*' 

Gadus  esmarkii  (Nilsson).     The  Norway  Pout. 

According  to  Dr.  Giiuther,  the  distribution  of  this  species  in  the  Clyde 
extends  from  Kilbrennan  Sound  to  Lower  Loch  Fyne,  where  young 
specimens  were  found  in  tolerable  abundance  at  80  fathoms.  He  also 
remarks  that  "  the  species  does  not  appear  to  be  unfrequent  in  Kilbrennan 
Sound."  He  states  further  that  **  the  characteristics  by  which  Gadus 
esmarkii  can  be  distinguished  from  its  British  congeners  are  : — The  lower 
jaw,  which  projects  beyond  the  upper;  the  dentition,  the  teeth  of  the  outer 
series  in  the  upper  jaw  being  a  little  larger  than  the  inner  ones;  the 
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length  of  the  snout,  which  is  almost  equal  to  the  length  of  the  diameter 
of  the  eye,  which  is  a  little  less  than  one-third  the  length  of  the  head ; 
the  slender  barbel,  which  is  about  half  as  long  as  the  eye;  and,  finally  the 
fin  formula— it  being  D  15-16,  23-25,  22-25;  A  27-29,  23-25" 
(H.B.,  p.  203).  Gadus  esmarkii  is,  in  some  respects,  not  unlike  Qadvs 
minuiiis,  and  may  have  occasionally  been  mistaken  for  that  species.  It  is 
occasionally  taken  in  the  shrimp  trawl-net  of  the   "  Garland." 

Gadus  merlangus,  Linn^.     Tlie  Whiting. 

This  is  one  of  the  more  common  and  generally  distributed  of  the  Gadi\ 
but  though  extending  into  Upper  Loch  Fjme  it  is  described  as  "not 
abundant ''  there.  The  whiting  appears  to  be  more  frequent  in  the 
seaward  portion  of  the  Clyde  estuary  than  it  is  in  the  more  inland  parts. 

Gadus  poiUassou,  Kisso.     Couch's  Whiting. 

This  is  readily  distinguished  from  other  British  Gadi  by  the  position 
of  the  dorsal  fins,  and  especially  by  the  distance  between  the  second  and 
third  dorsals  being  greater  than  the  distance  between  the  same  tins  in  the 
whiting,  which  it  somewhat  resembles.  Three  specimens  of  Gadua 
poutassou  were  captured  in  the  shrimp-trawl  of  the  "  Qarland "  at  the 
mouth  of  the  Clyde  estuary,  in  54  fathoms,  on  September  22nd  1897. 
These  specimens  are  now  amongst  the  collection  of  fishes  in  the  Fishery 
Board's  Laboratory  at  Bay  of  Nigg. 

Gadus  virenSy  Linn^.     The  Coal-fish  or  Saithe. 

Moderately  common  and  generally  distributed,  but  mostly  of  small 
size.  Full  grown  coal-fish  do  not  appear  to  be  very  plentiful  in  the  Clyde, 
but  the  young  "  podlies "  sometimes  occur  in  great  numbers  in  inshore 
localities,  as  at  East  Loch  Tarbert  harbour  and  wharf. 

Gadus  poUachius,  Linn^.     The  Pollack  or  Lythe. 

More  or  less  frequent,  but  usually  of  small  size ;  large  specimens  are 
occasionally  brought  to  East  Tarbert,  Loch  Fyne  (B.  <fe  S.).  The 
''  Grarland  "  also  has  records  of  lythe  from  Loch  Fyne  as  well  as  off  Sanda 
Island.  The  specimens  from  Sanda  measured  from  23  to  35  inches  in 
length.     Gadus  pollaehius  has  no  barbel  on  the  lower  jaw. 

Merluceius  vulgaris^  Cuvier.     The  Hake. 

The  hake  is  frequently  captured  in  the  Clyde  by  the  "  Carland  "  at 
all  the  Stations,  as  many  as  108  having  been  caught  in  a  single  haul  of 
the  net ;  most  of  the  specimens  are  more  or  less  immature,  but  sometimes 
range  from  30  to  40  inches. 

Phycis  hlennioides  (Brun.).     The  Greater  Fork-beard 

The  late  Dr.  Robertson  of  Millport,  Cumbrae,  recorded  this  species  as 
having  been  taken  near  Cumbrae  in  April  1890.*  Mr.  Alex.  Gray,  of  the 
Millport  Marine  Station,  informs  me  that  "  the  palate  and  forked  fins  of  a 
-specimen  of  Phycis  are  in  the  Robertson  collections,"  and  are  probably 
portions  of  the  fish  referred  tP  by  Dr.  Robertson,  as  they  agree  with  the 
description  he  gave  of  the  specimen  which  he  recorded.  Several 
specimens  of  the  greater  fork-beard  have  occurred  on  the  coasts  of  the 
Solway  Firtht,  but  it  seems  to  be  rare  in  the  Clyde. 

•Proc,  Nat,  Hist,  Soc,   Olaagaw,  Vol.  III.   (N.S.),  p.  276  (18^2).       Thia  speoimen 
measured  24  inches  in  length. 

fDay,  British  FUhes,  Vol.  I.,  p.  304. 
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Molua  molva,  Linn6.     The  Ling. 

The  ling,  though  not  uncommon  in  the  Clyde,  is  not  yerj  often 
captured  by  the  "  Garland,"  and  rarely  more  than  one  or  two  specimens 
are  obtained  in  any  single  haul  made  by  the  beam-trawl. 

Ono8  musteta^  Linn6.     The  Five-bearded  Bockling, 

Taken  between  tide  marks  in  East  Loch  Tarbert;  not  common 
(B.  k  S.). 

Ono8  cimbriuSf  Linn^.     The  Four-bearded  Rockling. 

"Very  common,  and  generally  distributed  in  the  Clyde  area  at  depths 
varying  from  6  to  65  fathoms  in  April,  to  70  and  90  fathoms  in  July  and 
August)  to  100  fathoms  in  November  at  Upper  Loch  Fyne  and  Kilbrennan 
Sound,  at  37  to  46  fathoms  in  December/'  &c.  (Gunther).  MoteUa  eimbria 
is  frequently  captured  in  the  shrimp-trawl  of  the  Fishery  steamer 
"Garland,"  but  rarely  in  quantities,  usually  only  one  or  a  very  few  speci- 
mens being  taken  at  one  time. 

Ono8  tricirratus,  Bloch.     The  Three-bearded  Rockling. 

The  three-bearded  rockling  has  been  taken  in  Rothesay  Bay  and 
other  parts  of  the  Clyde  area,  but  appears  to  be  rare.  Part  III.  of  the 
Sixteenth  Annual  Report  of  the  Fishery  Board  for  Scotland  contains 
records  of  the  capture  of  a  few  specimens  in  Upper  Loch  Fyne. 

Ono8  maculatuSf  Risso.     The  Spotted  Rockling. 

"  Loch  Fyne,  40  fathoms ;  Mull  of  Cantyre,  65  fathoms  "  (Gunther). 
This  species  somewhat  resembles  the  last,  but  the  front  teeth  are  large. 
If  Onos  tricirratus  and  mactUatue  be  really  distinct  species,  the  Clyde 
specimens  should  perhaps  be  all  included  under  the  latter  name. 

Raniceps  raninus,  Collet.     The  Lesser  Fork-Beard,  Tadpole  Hake. 

A  specimen  of  the  lesser  fork-beard  was  recorded  from  Loch  Fyne  by 
the  late  Dr.  Scoular.* 

Fam.  Ophidiid-b,  Miiller. 

Ammodytea  lanceolatiM,  Le  Sauvage.    Greater  Sand  Launce  or  Sand  EeL 

Taken  occasionally  in  the  neighbourhood  of  East  Loch  Tarbert 
(B.  &  S.).  "  Taken  in  the  vicinit^r  of  Sanda  Island,  Sound  of  Sanda, 
Cantyre.     The  young  numerous  about  the  end  of  March  "  (Giinther). 

Fam.  Pleuboneotid^,  Risso. 

ffippoglossus  vulgaris  (Fleming).     The  Halibut. 

The  halibut  is  occasionally  taken  in  Loch  Fyne  (B.  «fc  S.),  but  it  is 
usually  of  small  size. 

Mr.  Duthie,  Fishery  Officer  at  Girvan,  states  in  lit : — "  Halibut  are 
frequently  got  here  in  spring,  though  they  cannot  be  called  plentifuL  On 
the  25th  of  March  this  year  (1899)  one  boat  landed  four  cwts.,  caught 
between  Ailsa  Craig  and  the  Mull  of  Cantyre ;  the  fish  were  of  all  sizes 
up  to  112  lbs.  or  more — ^just  what  would  have  been  a  fair  sample  of 
Shetland-caught  iish.  I  believe  they  are  more  plentiful  in  the 
neighbourhood  of  the  '  Mull '  than  here,  but  an  occasional  fish  is  got  all 
round  this  part  of  the  Firth  in  the  spring  months  when  great-lines  are 

*Proc,  Nat.  Hist.  Soc.  Olatgow,  Vol.  I.,  p.  8  (1868), 
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being  used.  Halibut  are  occasionally  recorded  at  Ballantrae  caught  by 
cod  or  turbot  nets.  I  have  no  doubt  a  stray  specimen  is  also  got  between 
Arran  and  Ayr,  although  I  do  not  at  present  remember  of  more  tlian  one 
cwt.  being  landed  at  Ayr  this  year." 

Drepanopsetta  pluttessoides^  Fabr.     The  Long  Rough  Dab. 

"Many  adults  and  young  (2  inches  in  length)  were  obtained  in  26  to 
46  fathoms  in  Kilbrennan  Sound  in  December.  Many  adults  and  young 
were  also  taken  between  Cumbrae  and  Wemyss  Point  in  30  to  40  fathoms 
in  February  1888  '*  (GUnther).  The  long  rough  dab  is  very  common  and 
generally  distributed  throughout  the  Clyde  area,  especially  off  shore  and 
in  moderately  deep  water. 

Bothvs  maximus  (Linn^).     The  Turbot. 

"One  captured  in  the  Clyde  area,  August  28th,  1888;  formerly 
numerous  there  "  (GUnther).  Turbots  have  been  taken  in  the  trawl-net  of 
the  Fishery  steamer  "Garland"  in  the  vicinity  of  Ailsa  Craig,  in  the 
vicinity  of  Sanda  Island,  and  in  Kilbrennan  Sound.  Occasionally  taken 
in  Loch  Fyne  (B.  &  S.).  There  is  a  regular  turbot  fishery  carried  on  off 
Girvan,  a  special  net  called  the  "  turbot  net "  being  used  for  the  capture 
of  the  fish. 

Bothiis  rhomlms  (Linn6).     The  Brill. 

The  brill  is  rather  more  frequently  recorded  amongst  the  lists  of 
fishes  captured  by  the  Fishery  steamer  "  Garland "  than  the  turbot, 
but  mention  is  not  often  made  either  of  the  one  or  the  other.  The 
largest  specimen  of  the  brill  referred  to  by  Day  is  one  recorded  by 
Thompson,  which  measured  24  inches  in  length.  The  "  Garland "  has, 
however,  obtained  even  larger  specimens  than  that ;  one  25  inches  was 
captured  after  nightfall  at  Station  VII.  on  May  21st,  1897.  A  few 
measuring  21  and  23  inches  have  also  been  taken  at  different  times. 

ZeugopteruB  unimaeulaiu8,  Risso.     One-Spotted  Topknot. 

"  One  specimen  in  10  fathoms  off  Ardrossan,  Clyde  area,  in  April 
1888"  (Giinther).  Several  specimens  were  captured  in  a  shallow  sandy 
bay  at  Bannore,  Loch  Fyne,  in  1885  (B.  &  S.).  Two  of  these  specimens 
are  still  in  the  collection  of  fishes  at  the  Fishery  Board  Laboratory,  Bay 
of  Nigg,  Aberdeen. 

Zeugopterus  punctatus  (Blainville).     MUller's  Topknot 

"Clyde  area,  60  fathoms  "  (GUnther).  Upper  Loch  Fyne  in  10  to  25 
fathoms  (M.).  Zeugopterus  punctatus  has  been  taken  in  the  trawl-net  of 
the  "  Garland  "  in  the  vicinity  of  Ailsa  Craig  and  in  Kilbrennan  Sound. 

Rhombus  norvegicus,  GUnther.     The  Norway  Topknot. 

Dr.  GUnther  records  the  following  specimens  from  the  Clyde : — One 
dredged  in  Lamlash  Bay  at  a  depth  of  6  to  18  fathoms,  measuring  3^ 
inches  in  length,  and  in  excellent  condition ;  one  smaller  than  the  las^ 
caught  off  the  Cloch  Lighthouse  in  43  fathoms  ;  and  one  3|  inches  long, 
caught  in  Kilbrennan  Sound  in  45  fathoms.  {See  also  Dr.  GUnther*B 
description  of  the  larger  of  these  specimens.*)  The  Norway  topknot  is 
occasionally  taken  in  the  shrimp-trawl  of  the  "  Garland,"  but  it  appears  to 
be  a  rare  species  in  the  Clyde. 

•Proc.  Roy.  Soc.  Edin.,  Vol.  XV.,  p.  47  (1888). 
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Lepidorhomhvs  megastowa,  Donovan.     The  Sail  Fluke  or  Whiff. 

The  sail-fluke  is  recorded  for  the  Clyde  area  by  Dr.  Giinther  (1886). 
It  is  a  species  that  does  not  appear  to  be  very  rare  in  the  Clyde  area, 
especially  in  the  seaward  portion  of  it,  and  is  more  or  less  frequently 
mentioned  amongst  the  captures  of  fishes  made  by  the  "  Garland  " ;  it  iB 
especially  frequent  at  Stations  VIII.,  IX.,  and  X. 

Platophrys  lateiTia,  Walbaum.     The  Scald  Fish. 

Recorded  for  the  Clyde  area  by  Dr.  Giinther  (1888).  Taken  in  the 
trawl-net  of  the  '^  Garland  **  between  Santla  Island  and  Bennan  Head. 
This  species  appears  to  be  a  comparatively  rare  one  in  the  Clyde  estuary ; 
a  few  specimens  were  taken  last  year  (1899)  at  Stations  II.,  V.,  VI., 
VII.,  VIII.,  and  X. 

Fleuronedea  platessa,  Linn6.     The  Plaice. 

This  is  a  moderately  common  and  generally  distributed  species  from 
the  head  of  Loch  Fjnie  to  the  seaward  limits  of  the  Clyde  estuary. 

Pleuronectes  microcephalusy  Donovan.      The  Lemon  Dab;    also  called 
Lemon  Sole  and  Smooth  Dab. 

Clyde  area,  feeding  on  annelids  and  solem  (Giinther).  The  lemon 
sole  is  more  or  less  frequent  and  generally  distributed  throughout  the 
estuary  of  the  Clyde,  especially  off  shore.  Annelids  appear  to  constitute 
the  principal  food  of  the  lemon  sole,  at  least  in  Scottish  waters,  as  shown 
by  the  investigations  that  have  been  made  concerning  fish-food  on  board 
the  Fishery  steamer  "  Garland." 

Pleuronectes  cynoglmms^  Linn6.     The  Witch   Sole,  Craig  Fluke,  Pole 
Dab. 

This  appears  to  be  the  most  common  of  the  flat  fishes  in  the  Firth  of 
Clyde,  especially  in  the  deep  water.  Dr.  GUnther  records  itfl  occurrence 
at  a  depth  of  80  to  100  fathoms  in  Loch  Fyoe.  It  is  most  abundant  at 
Stations  IIL,  VII.,  VIII.,  IX.,  XL,  XIL,  XV.,  and  XVIL;  nearly  400 
have  been  got  in  a  single  haul  in  Loch  Fyne.  Its  food,  like  that  of 
the  lemon  sole,  consists  chiefly  of  annelids,  and  it  is  probably  on  this 
account  that  the  species  is  usually  more  common  on  a  muddy  bottom. 

Pleuronectes  limanda,  Linn^.     The  Common  Dab. 

Pleuronectes  limanda  is  also  one  of  the  more  common  of  the  Clyde 
fishes,  and  seems  to  be  distributed  all  over  the  estuary  to  the  head  of 
Loch  Fyne,  and  probably  also  throughout  the  other  sea-lochs  within  the 
Clyde  area  (GUnther).     It  is  got  at  all  the  "  Garland  "  Stations. 

Pleuronectes  flesus^  Linn6.     The  Flounder  or  Fluke. 

Common  in  Tarbert  Harbour,  Lower  Loch  Fyne  (B.  k  S.).  Occasion- 
ally obtained  in  Upper  Loch  Fyne  (G.).  One  was  captured  off  Largy- 
more.  Upper  Loch  Fyne,  on  April  28th,  1896,  and  a  few  have  been 
captured  in  other  parts  of  the  loch  with  the  push-net ;  but  it  seems  to  be 
a  rare  fish  in  the  more  seaward  portion  of  the  Clyde. 

Solea  vulgaris,  Quensel.    The  Sole  or  Black  Sole. 

The  black  sole  is  occasionally  taken  in  the  trawl-net  of  the 
'<  Garland  "  at  all  the  Stations,  except  in  Loch  Fyne ;  there  are  seldom 
more  than  one  or  two  specimens,  but  occasionally  ten  or  twelve,  in  a 
haul.  It  is  more  difficult  to  capture  black  soles  during  daylight  than 
after  darknes*)  sets  in.  The  food  of  the  black  sole  appears  to  consist 
largely  of  annelids. 
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Solea  vartegata^  Donovan.     The  Variegated  Sole  or  Thickback. 

^'  Two  immature  specimens  were  obtained  in  the  vicinity  of  the  Mull 
of  Canty  re  in  65  fathoms  on  March  2l8t,  1888  "  (Gunther,  p.  220).  Two 
specimens,  one  about  3^  inches  long,  the  other  slightly  less,  were 
captured  near  the  mouth  of  the  Clyde  estuary  at  Station  VI.,  on  June 
15th,  1899.  They  were  taken  with  the  shrimp-trawl  of  the  "Garland," 
and  are  now  in  the  collection  in  the  Laboratory  at  Bay  of  Nigg. 

Solea  ItUea,  Risso.     The  Solenette  or  Little  Sole. 

The  solenette  has  been  recorded  amongst  the  fishes  captured  by  the 
"  Grarland,"  but  appears  to  be  rare  in  the  Clyde. 

Order  PHYSOSTOMI,  MiiUer. 
Fam.  Salmonidjb,  Miiller. 

Salmo  trutta  (Fleming).     The  Sea  Trout. 

The  sea  trout  is  regularly  taken  in  small  quantities  just  outside  East 
Locb  Tarbert  (B.  <k  S.).  A  fine  specimen,  which,  I  understand,  had  been 
captured  in  the  Clyde,  was  kept  in  one  of  the  tanks  in  Rothesay  Aquarium 
when  I  was  there  in  1886-87. 

Salmo  solar,  Linn^.     The  Salmon. 

There  are  regular  fisheries  for  salmon  at  various  parts  of  the  Clyde 
estuary,  including  the  several  sea  lochs.  The  salmon  is  taken  occasionally 
in  herring-nets  between  Tarbert  and  Barmore,  and  probably  also  in  other 
parts  of  the  Clyde. 

Osmerus  eperlanus,  Linn6.     The  Smelt, 

''One  was  taken  with  mussel-bait  at  Brodick,  Arran,  October  1888. 
Not  uncommon"  (H.B.,  p.  218). 

Argentina  sphyrama,  Linn^.     The  Hebridean  Smelt. 

"Three  specimens  were  obtained  in  32  fathoms  between  Little 
Cumbrae  and  Brigaird  Point  on  February  7th,  and  five  obtained  in  37 
fathoms  in  Loch  Striven  on  February  15th,  1888"  (GUnther).  The 
Hebridean  smelt  is  not  very  rare  in  the  Clyde  estuary,  when  sought  for 
with  suitable  apparatus ;  it  is  frequently  taken  with  the  shrimp  trawl-net 
of  the  Fishery  steamer  "  Garland,"  as  many  as  seven  specimens  having 
been  captured  in  a  single  haul ;  usually,  however,  only  one  or  a  few  are 
obtained  at  one  time. 

Fam.  ScOMBRSSOCIDiE. 

Rhamphostoma  helone.     The  Garfish. 

A  specimen  of  the  garfish,  28  inches  in  length,  was  taken  off 
Dunoon  on  May  25th,  1877  (Dr.  F.  P.  Fleming).*  It  is  taken  in  the 
Clyde  area  occasionally  in  shoals  (H.B.,  p.  212).  A  young  specimen 
was  captured  in  the  surface  tow-net  of  the  "  Garland  "  in  Loch  Fyne. 

Scombresox  saurus,  Walbaum.     The  Saury  Pike. 

Taken  in  the  Clyde  area  (H.B.,  p.  212).  We  have  not  yet  had  the 
good  fortune  to  capture  this  species,  either  in  the  immature  or  adult 
stages. 

*  This  record  is  referred  to  in  Dr.  Day's  British  FisheSf  Vol.  II.,  p.  150. 
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[(?)  Exoretus  voUtana,  Linn6.     The  Fljring-fish. 

The  Rev.  David  Landsborough,  in  his  Natural  History  of  Arran,  p. 
386,  states  that  the  tlying-fish  has  been  seen  in  Ayr  Harbour.  Two  or 
three  kinds  of  fishes  are  spoken  of  as  '* flying-fish,"  but  probably  it  is  the 
species  named  above  that  he  refers  to.] 

Fam.  Clupeidjb,  Cuvier. 

Clupea  harengus,  JAnnL     The  Herring. 

Common  in  the  Clyde  and  Loch  Fyue,  where  a  great  herring  fishing 
is  carried  on.  The  movements  and  habits  of  the  Clyde  and  Loch  Fyoe 
herring  have  been  for  a  long  time  subjects  of  much  interest  to  naturalists, 
and  even  yet  are  not  very  clearly  understood. 

Clupea  sprattus,  Linn6.     The  Sprat. 

Sprats  are  not  uncommon  in  the  Clyde,  but  owing  to  their  having 
been  frequently  mistaken  for  young  herring,  there  is  some  uncertainty  as 
to  their  numbers  and  distribution. 

Olupea  dlosa,  Linn6.     The  Allis  Shad. 

Very  large  specimens  were  taken  in  Loch  Fyne  in  1888  (H.B.,  p. 
221).  Mr.  Gray,  of  the  Millport  Marine  Station,  says  in  lit.: — "A  fine 
specimen  of  this  fish  was  taken  ia  a  seine-net  off  Isle  of  Ross  in  the 
winter  of  1894,  and  was  put  in  spirits  by  me  and  left  in  the  old  museum 
in  Kirk  Street,  Campbeltown,  and  is  probably  still  preserved  in  the  new 
museum  there.'' 

Fam.  MuiLENiDiE,  Miiller. 

AnguiUa  vulgaris^  Cuvier.     The  Common  Eel. 

The  Common  Eel  affords  a  small  but  regular  fishery  in  Tarbert 
harbour,  Loch  Fyne  (B.  &  S.).  It  was  also  taken  in  the  shrimp  trawl- 
net  of  the  "  Garland  '*  off  Inveraray  in  May  1896. 

Conger  vulgaris^  Cuvier.     The  Conger. 

Moderately  large  specimens  of  conger  are  at  times  captured  in  the 
*'  Garland's  "  beam  trawl-net,  one  60  inches  in  length  was  ti^en  near  the 
head  of  Loch  Fyne  on  May  5th,  1896 ;  another  of  the  same  length  was 
secured  in  the  vicinity  of  Ailsa  Craig  on  April  28th,  1897.  A  specimen 
45  inches  long  is  recorded  from  Whiting  Bay,  and  others  of  somewhat 
smaller  size  from  various  parts  of  the  Clyde  area.  I  have  taken  a  fairly 
big  specimen  between  tide  marks  at  Lunderston  Bay  after  the  tide  had 
ebbed. 

Order  LOPHOBRANCHn,  Cuvier. 

Fam,    STNGNATHID-fi. 

Siphonostoma  typMe  (Linn^).     The  Deep-nosed  or  Broad-nosed  Pipe-fish. 

A  specimen  of  this  species  was  captured  amongst  zostera  in  East 
Loch  Tarbert  (B.  &  S.).  A  specimen,  which  I  believe  to  be  the  one  now 
recorded  here,  is  in  the  collection  of  fishes  in  the  Fishery  Board's 
Laboratory  at  Bay  of  Nigg. 

Syngnathus  acus  (Linn6).     The  Great  Pipe-fish. 

This  species  is  not  uncommon  in  the  Clyde  and  Loch  Fyne, 
especially  inshore  where  the  water  is  shallow. 
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Nerophis  cBquoreus  (Linn^).     The  Straight-Nosed  Pipe-fish. 

East  Loch  Tarbert,  amongst  zostera  (B.  &  S.).  A  tine  specimen  is 
in  the  Robertson  collection  in  the  Marine  Station  at  Millport,  which  was 
captured  at  Cumbrae. 

Nerophis  lumbriciformis  (Linn6).     The  Worm  Pipe-fish. 

Taken  in  East  Loch  Tarbert  amongst  zostera  (£.  &  S.).  I  have 
taken  this  little  fish  amongst  weed  between  tide  marks  in  Lunderston 
Bay,  near  Inverkip,  and  it  has  also  been  taken  by  the  '^Gurland"  in 
Campbeltown  Loch,  Cantyre. 

Hippocampv^s  antiquorum^  Leach.     The  Sea-horse. 

Mr.  Gray,  of  the  Marine  Station  at  Millport,  writes  to  nie  concerning 
this  species  as  follows  : — "  I  picked  up  a  specimen  of  Hippocampus  on 
the  Kinloch  Park,  Campbeltown,  in  the  autumn  of  1894,  from  a  spot 
where  herring  seine-nets  had  been  spread  out  to  dry,  and  from  the  fresh 
condition  of  the  fish  I  had  no  doubt  whatever  that  it  had  been  caught  in 
the  nets  in  the  Sound  of  Kilbrennan,  and  been  shaken  out  on  the  spot 
where  I  found  it.  Still  I  did  not  see  it  alive,  so  there  is  room  for  the 
element  of  doubt  to  creep  in  ;  though  this  evidence,  therefore,  may  not 
be  quite  conclusive,  I  have  very  little  doubt  in  my  own  mind  of  the  little 
fish  having  been  caught  in  the  Kilbrennan  Sound.  Moreover,  I  may 
mention,  by  way  of  confirming  what  has  just  been  said,  that  during  the 
past  summer  a  gentleman  visitor  to  the  Marine  Station  told  me  that  many 
years  ago  his  own  children  caught  two  live  Hippocampus  in  a  pool  on  the 
Fairlie  sands,  and  kept  them  alive  for  about  a  week  in  a  vessel  of  sea- 
water.  I  took  the  gentleman  to  Mrs.  Robertson  of  Fernbank,  who 
happened  at  the  time  to  be  in  the  museum  connected  with  the  station,  and 
to  her  he  repeated  the  story  also.  Since  then  I  feel  more  firmly  convinced 
that  the  Campbeltown  specimen  was  a  genuinely  local  one.'' 

Hippocampus  has  been  recorded  from  Belfast  liOugh,  which  is  not  very 
far  distant  from  the  mouth  of  the  Clyde ;  and  the  same  species  is  also 
recorded  for  the  "West  Coast  of  Scotland  in  Harvey-Brown  and  Buckley's 
work  on  the  Vertebrate  Fauna  of  ArgyU  and  the  Inner  HeMdes, 

Order  PLECTOGNATHI. 

Fam.  Gymnodontbs. 

OrtJiagoriscus  mola,  Linn^.     The  Short  Sun-fish. 

A  specimen  of  the  short  sun-fish  whs  captured  off  the  Esplanade  at 
Greenock  on  September  10th,  1881  (J.  M.  Campbell).*  This  specimen 
was  said  to  weigh  about  a  ton ;  it  measured  7  feet  9  inches  in  length  and 
3  feet  9  inches  in  height.  Mr.  Campbell  states  that  'Hhe  liver  was 
absolutely  crammed  with  a  scolecid  worm,  Tetrarhynckus  reptans" 

SUB-CLASS  CHONDROPTERYGU. 

Order  GANOIDEL 

Fam.    AoiFXNSBRIDiB. 

Acipenser  sturio,  Linn^.     The  Sturgeon. 

Fine  specimens  are  often  noticed  in  Loch  Fyne  during  the  herring 
fishery,  but  are  seldom  captured  (B.  <fe  S.).     Mr.  Alexander  Gray,  of  the 

♦  Proe.  Nai,  ffitt.  Soc,,  Olcagow,  Vol.  V.,  pt.  II.,  p.  177  (1883). 
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Marine  Station,  Millport,  in  a  letter  to  me  concerning  some  Clyde  fishes, 
says  that  **a  sturgeon  was  caught  near  Carradale  in  10  to  12  fathoms  of 
water;  it  was  about  7  or  8  feet  long,  but  in  poor  condition,  and  was  sold 
in  the  Glasgow  market  by  Mr.  Lagan  of  Paisley  for  £1  15s.  So  far  as 
I  can  recollect,  this  was  in  the  late  autumn  of  1 895.  A  few  years  previous 
to  this  I  remember  seeing  another  sturgeon,  perhaps  5  or  6  feet  long,  that 
was  caught  in  a  salmon-net  at  Peuimore  Bay ;  I  had  no  opportunity  to 
examine  this  specimen,  as  it  was  shipped  on  the  steamer  ready  for 
conveyance  to  the  Glasgow  market  when  1  saw  it." 

Order  ELASMOBHANCHn. 

Fam.    CAROHARIIDiS. 

Carehariaa  glaucus,  Linn^.     The  Blue  Shark. 

This  shark  has  been  taken  in  Ix)ch  Fyne  (H.B.,  p.  177).  Mr.  A.  R 
Watt  of  Glasgow  saw  a  specimen  of  Carehariaa  which  had  come  ashore 
at  Ayr  Bay  on  the  11th  or  12th  Septembur  last  year  (1899). 

Golem  cants,  Rondel.     The  Tope  or  Toper. 

Several  specimens  of  this  species  were  landed  at  Girvan  in  December 
last.  They  were  at  the  time  mistaken  fur  another  species,  but  were 
subsequently  correctly  identified  as  the  tope.  I  am  not  aware  of  this 
species  having  been  previously  recorded  for  the  Clyde;  probably  it  is  only 
an  occasional  visitor  to  the  estuary,  and  may  on  former  occasions  have 
been  passed  over  as  one  of  the  more  common  species.  A  fine  specimen 
of  toper  was  brought  to  Girvan  by  a  local  fisherman  on  December  28th. 
It  was  examined  by  Mr.  Duthie,  the  Fishery  Officer  at  that  place,  who  was 
able  to  identify  the  species ;  the  specimen  measured  5  feet  in  length  and 
24  inches  in  circumference  at  the  thickest  part.  Mr.  Duthie  was  kind 
enough  to  secure  the  specimen  and  forward  it  to  the  Laboratory  at  Bay  of 
Nigg,  and  I  was  thus  enabled  to  verify  Mr.  Duthie's  identification.  The 
specimen  was  a  female. 

Fam.    liAHNIDiE. 

[Alopias  viUpes  (GmeL).      The  Thrasher  or  Fox  Shark. 

Captain  Campbell,  of  the  Fishery  steamer  "  Garland,"  informs  me 
that  a  year  or  two  ago  he  was  proceeding  down  Loch  Fyne,  and, 
having  reached  a  point  somewhere  between  Crarae  and  Castle  Lachlan, 
but  rather  nearer  the  former  place,  h^  saw  a  thrasher  making  an  attack 
on  what  was  probably  a  cetacean  of  some  kind ;  the  thrasher  was  leaping 
clear  out  of  the  water  in  its  usual  way  when  engaged  at  this  kind  of 
work,  and  was  coming  down  with  a  slap,  the  sound  of  which  could  be 
heard  distinctly  on  board  the  vessel.  Captain  Campbell  knows  the 
thrasher  quite  well,  and  has  frequently,  when  voyaging  across  the  Atlantic, 
been  an  eye-witness  of  its  tactics,  so  that  there  is  little  likelihood  of  his 
having  been  mistaken  about  the  fish  he  saw  in  Loch  Fyne. 

My  friend  Mr.  Gray  of  Millport  tells  me  that  in  July  1895  a  thrasher 
shark  got  into  shallow  water  in  Machrihanish  Bay,  and  that  some  men 
there  put  off  in  a  boat  and,  with  ropes,  managed  to  entangle  it  and  haul 
it  ashore  close  to  the  Pans  Hotel  This  specimen,  which  measured  15j| 
feet  in  length,  was  seen  by  Mr.  Gray  soon  after  it  was  captured. 
Machrihanish,  though  not  within  the  Clyde  area,  is  only  a  few  miles 
west  from  Campbeltown,  and  comparatively  near  the  mouth  of  the  Clyde, 
and  tends  to  show  that  the  Alopias  may  occasionally  find  its  way  into 
the  Clyde  estuary.] 
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Sdache  maxima  (Gunner),     The  Basking  Shark. 

A  young  specimen  measuring  8  feet  in  length  was  captured  in 
Maidens  Bay,  near  Turnberry,  Ayrshire  (Scotsman  newspaper,  September 
26th,  1898).  This  record  was  confirmed  by  the  Fishery  Officer  at  Girvan. 
Dr.  Landsborough,  in  his  Natural  History  of  Arran,  refers  to  the  occur- 
rence of  this  fish  ill  the  Clyde,  and  says  (pp.  95,  96): — "A  century  ago 
.  .  .  it  was  a  frequent  visitor  to  the  Clyde,  and  was  taken  at 
Ballantrae,  in  Ayrshire,  as  well  as  in  Arran.  It  made  its  appearance  in 
the  first  or  second  week  in  June,  and  generally  remained  only  for  three 
or  four  weeks,  though  occasionally  seen  considerably  later.  .  .  .  Now 
it  is  seldom  seen."  Dr.  Landsborough  also  describes  the  means  by  which 
the  fishermen  of  Arran  usually  captured  these  sharks. 

Fam.  ScYLLiiDiB. 

ScyUium  canicula  (Linn^).     The  Lesser  Spotted  Dog-fish,  Rough  Hound. 

"  A  very  young  specimen,  8  inches  long,  was  obtained  in  the  Sound 
of  Sanda,  at  a  depth  of  20  fathoms"  (Giinther).  Two  specimenn,  each 
about  25  inches  in  length,  were  captured  by  the  '*  Garland  "  at  Station 
I,  Firth  of  Clyde,  on  May  25th,  1897,  and  three  specimens,  measuring 
respectively  25,  28,  and  29  inches  in  length,  were  captured  on  the  same 
day  in  the  vicinity  of  Sanda  Island.  In  a  male  specimen  12|  inches  long 
taken  in  60.  fathoms  between  the  Mull  of  Can  tyre  and  Corsewall 
Point  on  May  15th,  the  spots  are  distinctly  larger  than  they  are  on  the 
adult  specimens,  especially  on  the  anterior  portion  of  the  body.  This 
specimen  is  now  in  the  collection  of  fishes  in  the  Fishery  Board's 
Laboratory,  Bay  of  Nigg,  Aberdeen. 

[ScyUium  catulus,  Cuvitjr.     The  Larger  Spotted  Dog-fish,  Nurse  Hound. 

The  following  notice  appeared  in  the  North  British  Daily  Mail  of 
December  11th,  1899:— 

'^  One  of  the  Girvan  great-line  boats  on  Saturday,  the  9th  inst.,  had  an 
unusual  catch  of  dog  or  hound  sharks.  No  fewer  than  seven  were  caught 
in  the  great-lines,  set  in  Lendal  Bay,  south  of  Girvan.  Some  of  them 
measured  about  5  feet  in  length  and  24  inches  in  girth.  The  species  is 
known  as  S.  cattUus,  or  rock  shark.  The  females  were  full  of  well- 
developed  eggs.  Where  they  abound  they  are  most  destructive  to  the 
fishermen  by  taking  their  bait  and  hooks  off  the  lines.  The  fish  were  cut 
up  for  bait  for  the  crab  and  lobster  creels."]* 

Pristiurus  m^anostomus  (Bonaparte).     The  Black-Mouthed  Dog-fish. 

"Two  adult  males  in  Upper  Loch  Fyne,  37  fathoms"  (Giinther). 
One  captured  by  a  Cumbrae  fisherman  was  exhibited  at  a  meeting  of  the 
Natural  History  Society  of  Glasgow  on  January  26th,  1869.  The  black- 
mouthed  dog-fish  is  occasionally  brought  into  East  Tarbert  amongst  the 
Acanthii  in  the  winter  fishing  (B.  &  S.).  Upper  Loch  Fyne,  in  10  to  20 
fathoms  (M.).  Captured  by  the  "  Garland "  in  the  deep  water  between 
Arran  and  Turnberry  Point. 

Fam.   SpiNACiDiE. 

Acanthias  vulgarisy  Risso.     Picked  Dog-fish. 

Sometimes   of  common  occurrence  in  the  Clyde  and  Loch  Fyne, 

*There  appears  to  have  been  some  mistake  on  the  part  of  the  writer  of  the  above  note 
concemine  tne  name  of  the  fiih  landed  at  Girvan  on  December  Pth.  I  am  able  to  state 
conclusively  that  the  fish  landed  were  Tope  or  Topers,  Ocdeua  cauUt  and  not  ScyUium 
catvlus  as  stated  (see  page  289).  I  have  been  unable  hitherto  to  obtain  an^  satisfactory 
information  as  to  the  occurrence  of  tiie  Larg:er  Spotted  Dog-fish  within  the  Clyde 
estuary. 
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especially  during  the  herring  fishing.  Few  of  those  taken  by  the 
''  Garland"  are  of  large  size ;  they  seldom  reach  beyond  2  feet  in  length; 
whereas  the  picked  dog-fish  is  stated  by  Day  to  attain  a  length  of  at  least 
4  feet  off  our  shores ;  but  such  large  specimens  are  probably  of  exceptional 
occurrence. 

Fam.  RniNiDiE. 

Rhina  squcUina  (Linn^).     The  Angel-fish  or  Monk-fish. 

"  In  the  Firth  of  Clyde  it  is  by  no  means  uncommon,  and  is 
frequently  found  there  after  gales ;  one  was  harpooned  while  asleep,  but 
broke  away."*  This  appears  to  be  the  only  Clyde  record  for  the  angel- 
fish  hitherto  published.  In  the  Vertebrate  Fauna  of  Argyle  and  the 
Inner  Hebrides  it  is  stated  that  two  specimens  of  the  angel-fish  in  the 
Hunterian  Museum,  Glasgow,  are  from  the  West  Coast,  but  no  locality 
is  given  for  them. 

Mr.  Wright,  the  chief  Fishery  Officer  for  the  Barrow-in-Furness  district 
of  the  Lancashire  Sea  Fisheries,  states  that  he  trawled  in  the  Clyde  for 
about  eighteen  winters  previous  to  the  closing  of  the  estuary  to  that  mode 
of  fishing,  and  that  during  that  time  he  occasionally  captured  angel-fish 
on  the  Ballantrae  Bank.  He  knows  the  fish  very  well,  and  has  brought 
specimens  from  Morecambe  Bay  to  the  Sea  Fish  Hatchery  at  Piel.  The 
name  he  uses  for  the  angel-fish  is  the  "  abbot.'' 

Fam.  Baiid^. 

Raia  batis,  linn^.     The  Skate,  the  Grey  Skate  or  Blue  Skate. 

Moderately  common  and  generally  distributed,  especially  ofiT-shore. 
Those  captured  by  the  **  Garland  "  are  seldom  of  large  size,  being  usually 
mere  pigmies  when  compared  with  the  immense  specimens  sometimes 
landed  at  the  fish  market  at  Aberdeen.  The  largest  taken  by  the 
"  Garland  "  in  the  Clyde  rarely  exceed  three  feet  in  width. 

Raia  intermedia,  Parnell.     The  Flapper  Skate. 

**  A  female  with  a  disk  19  inches  wide  was  obtained  between  Sanda 
Island  and  Ailsa  Craig  in  24  fathoms,  March  6th,  1888''  (Gunther).  The 
flapper  skate  has  been  taken  by  the  "  Garland  "  in  the  deep  water  to  the 
east  of  Arran,  and  also  in  the  vicinity  of  Ailsa  Craig.  (This  is  the  Raia 
macTorhynchua  of  Day's  British  Fishes,) 

Raia  oxyrhynchus,  Linn6.     Long  or  Sharp-nosed  Skate. 

Two  specimens  were  captured  by  the  "  Garland  "  in  the  deep  water  to 
the  east  of  Arran ;  both  were  comparatively  small,  one  being  only  21 
inches  and  the  other  29  inches  across  the  pectoral  fins. 

Mr.  Duthie,  Fishery  Officer,  Girvan,  informs  me  that  on  February  Ist 
(1900)  he  saw  a  fine  specimen  of  the  long-nosed  skate  which  had  just 
been  sent  to  Girvan  from  Maidens  Village — a  village  not  far  from  Girvan. 
The  following  measurements  were  taken  by  Mr.  Duthie — Extreme  length, 
51  inches;  extreme  breadth,  34  inches;  length  from  tip  of  snout  to 
centre  of  closed  mouth,  13  inches;  length  of  tail,  18  inches;  while  from 
the  tip  of  the  tail  to  the  vent  was  21  inches. 

Raia  ftdlonica,  Linn6.     Shagreen  Ray,  Fuller's  Ray. 

**  A  female  example,  24  inches  across  the  disk,  from  Loch  Fyne,  off 
Skate  Island,  was  obtained  in  100  fathoms.  An  adult  male,  19  inches 
across  the  disk,   was  caught  in  Kilbrennan  Sound   in    20    fathoms" 

♦A.  Nonnaii,  ZoologiM,  Vol.  XV.  (1857),  p.  5866, 
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(Giinther).     The  shagreen  ray  is  occasionally  captured  by  the  "Garland," 
but  is  apparently  not  very  common  in  the  Clyde. 

Rai4i  clavata,  Linn^.    Thornback  Ray  or  Thorny. 

"  One  adult  female  was  obtained  in  26  fathoms  in  Kilbrennan  Sound, 
and  an  immature  male  17  inches  wide  in  24  fathoms  between  Sanda 
Island  and  Ailsa  Craig.  The  contents  of  the  stomach  of  the  latter 
specimen  consisted  of  small  fish  and  crustaceans  "  (Giinther).  The  Thorny 
is  one  of  the  more  common  of  the  fishes  captured  in  the  Clyde  by  the 
Fishery  steamer  "  Garland,"  but  the  specimens  are  mostly  of  small  size, 
and  very  few  of  them  extend  beyond  25  or  30  inches  across  the  disk. 

Eaia  mactUaia,  Montagu.     The  Spotted  Ray,  or  Homelyn  Ray. 

"  An  immature  female  was  captured  between  Cumbrae  and  Wemyss 
Point  in  30  to  40  fathoms.  Another  from  the  Sound  of  Sanda  from  20 
fathoms.  One  or  two  very  young  specimens  from  2^  to  4|  inches  across 
the  disk  were  obtained  off  Ardrossan  and  off  Whiting  Bay  "  (Giinther). 
The  spotted  ray  is  occasionally  captured  by  the  "  Garland,"  but  the 
specimens  are  usually  of  small  size.  One  measuring  18  inches  across  the 
disk  was  taken  in  the  vicinity  of  Ailsa  Craig  on  April  27th,  and  one  10 
inches  across  the  disk  at  Station  VI.  on  May  25th,  1897.  A  small 
specimen  a  little  over  7  inches  across  the  disk  is  in  the  collection  of  fishes 
in  the  Laboratory  at  Bay  of  Nigg. 

Rata  ctrcularis,  Couch.     The  Cuckoo  Ray,  Sandy  Ray. 

"  An  adult  male,  14  inches  across  the  disk,  and  a  very  young  female, 
3f  inches  broad,  were  obtained  in  the  Sound  of  Sanda  at  a  depth  of  20 
fathoms  on  March  10th ;  another  adult  male,  also  from  the  Sound  of 
Sanda,  was  obtained  at  49  fathoms  on  March  17th,  1888"  (Gunther). 
The  cuckoo  ray  has  been  taken  by  the  "  Garland  "  in  Whiting  Bay,  in 
the  vicinity  of  Sanda  Island,  in  the  vicinity  of  Ailsa  Craig,  and  in 
various  parts  of  Upper  Loch  Fyne.  It  does  not  appear  to  be  a  very  rare 
fish  in  the  Clyde  area. 

SUB-CLASS  CYCLOSTOMATA. 

Fam.  Mtxinid^ 

Myocine  gltdinom,  Linn^.     The  Hag-fish. 

The  hag-fish  has  been  taken  at  Rothesay  in  the  Clyde  area.  It  is 
said  to  be  numerous  and  most  destructive  to  the  line  fishes  off  Girvan 
(H.B.,  p.  225).     I  do  not  remember  having  seen  Myxine  in  the  Clyde. 

SUB-CLASS  LEPTOCARDII. 

Fam.  CiBBHOSTOMi. 

Branchiostoma  lanceolata,  Pallas.     The  Lancelei 

''Amphioxus"  is  "taken  plentiftdly  in  suitable  ground  in  the 
Clyde  area"  (H.B.,  p.  225).  Mr.  Gray,  of  the  Millport  Marine  Station, 
states,  in  a  letter  to  me,  that  "  over  a  dozen  specimens  of  this  little  fish 
were  taken  on  a  bank  between  Little  Cumbrae  and  Hunterston,  locally 
known  as  the  Dogger  Bank^  Dr.  James  Bryce,  in  his  Geology  of 
Arran  and  Clydesdale  (1865),  p.  250,  remarks  that  the  Amphioxtis 
has  been  dredged  at  the  north  end  of  Holy  Island,  and  has  been  obtained 
in  J^amlash  Bay,  as  well  as  near  Millport  Dr.  Landsboroogh  also 
speaks  of  having  found  it  when  dredging  near  Cumbrae. 
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VII.— ON  THE  MACKEREL  OF  THE  EAST  AND  WEST 

COASTS  OF  SCOTLAND. 

By  H.  Ghas.  Williamson,  M.A.,  B.Sc. 

The  present  research  was  undertaken  with  a  view  of  determining 
whether  or  not  racial  differences  existed  between  the  mackerel  of  the 
West  and  East  Coasts  of  Scotland.  The  method  employed  is  that  of 
separating  local  forms  by  the  averages  of  the  size,  or  numbers  of  certain 
characters.  This  method,  first  employed  by  anthropologists  in  the 
examination  of  the  races  of  man,  has  been  applied  by  Heincke*  to  the 
division  of  the  herring  into  local  forms. 

The  principles  upon  which  the  division  of  a  species  into  races  is  carried 
out,  and  certain  of  the  theories  bearing  upon  the  formation  of  the  local 
form  or  race,  will  be  found  detailed  in  Heincke's  work. 

All  the  characters  of  an  individual  are  variable.  If,  then,  we  find  that 
the  mean  of  the  variations  of  a  certain  character  in  one  group  differs  from 
their  mean  in  a  second  group,  we  are  entitled  to  regard  this  as  a  racial 
distinction  between  the  two.  It  is  necessaiy  to  select  a  number  of 
characters,  e,g.^  the  number  of  the  vertebrsB,  the  numbers  of  fin-rays, 
measurements  on  the  body,  etc.,  as  tests  by  which  the  groups  may  be 
compared.  The  greater  the  number  of  individuals  in  each  group,  the 
more  nearly  correct  will  be  the  mean  (or  average).  Since,  however,  we 
cannot  examine  all  the  members  of  a  race  we  cannot  get  the  true  mean 
directly.  By  experiment  and  observation  we  get  a  mean  which  is  more 
or  less  approximate.  From  this  observed  mean  we  may  get  two  values 
between  which  the  true  mean  lies.  This  is  obtained  from  the  Probability 
curve.  One  of  these  two  values  is  obtained  by  subtracting  and  the  other 
by  adding  the  probable  error  of  the  mean  to  the  observed  mean.  The 
two  values  are  represented  by  the  formulae  M — r,  and  M-^-r^  where  M  is 
the  observed  mean  and  r  is  the  probable  error.  In  order  to  get  a  result 
which  is  almost  absolutely  correct,  in  place  of  r,  five  times  r  is  subtracted 
and  added,  viz.,  M — 5r,  and  M-\-hr.  According  to  Heincke  there  are 
999  chances  to  1  that  the  true  mean  lies  between  these  limits.  The 
interval  between  these  values  is  known  as  the  fluctuation  of  the  mean. 
If  now  we  find  that  the  fluctuations  of  the  means  of  a  character  in  two 
groups  do  not  overlap,  we  are  entitled  to  conclude  that  the  true  means 
are  different  from  one  another,  and  therefore  so  far  as  this  character  is 
concerned  the  two  groups  are  of  distinct  races. 

The  Mean,  the  Probable  Error  of  the  Mean,  the  Standard  Deviation  are 
obtained  from  the  following  formulae,  which  have  been  taken  from 
Davenport's  "Statistical  Methods,"  Chapman  k  Hall,  1899. 

The  Standard  Deviation,  o-  =  ^  ^  n^i  (d  ^ /)— (i)  ti)  2 

The  Probable  Error  of  the  Mean,  r  =  -6745-  ^ 

n 

n  =  number  of  variants ;  d  =  deviation  from  the  mode  : 

The  Standard  Deviation  o-  is  a  measure  of  the  range  of  Yariatioru 

As  bases  of  comparison  between  the  mackerel  of  the  East  and  West 
Coasts,  the  following  characters  were  selected : — 

NaturgMchichte  des  Uerings/'  Berlin  Otto  Salle,  1898,  text,  1  Halfte. 


*  (< 
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I.  GntTH  of  BoDT  at  three  points — (1)  pectoral  region,  close  to  the  hind  border  of 

the  operculum  {O.  Pect.*),  (2)  at  the  beginning  of  the  second  dorsal  fin 
{O.  2nd  D.),  (3)  at  the  narrowest  part  of  the  root  of  the  tail  {O.  T.).  The 
measurements  were  made  by  means  of  a  thread. 

II.  The  length  of  the  Dorsal  Groove  (/  D.  groove),  which  encloses  the  base  of 

the  first  dorsal  fin. 

in.  The  length  of  the  Pectoral  Fin  {I  Pf.),   measured   from  the    proximal 
end  of  the  first  or  superior  ray  to  the  tip  of  the  fin. 

The  following  are  measurements  made  on  the  lateral  axis  ("  principal 
axis  "  of  Heincke).  The  lateral  axis  is  a  line  drawn  from  the  tip  of  the 
mandible,  when  the  mouth  is  closed,  to  the  middle  of  the  fork  of  the  tail 
From  certain  points  on  the  body  of  the  mackerel  {vide  diagram),  per- 
pendiculars were  drawn  to  the  lateral  axis,  Oa.  The  distances  from  zero 
(the  tip  of  the  snout)  to  the  points  where  the  perpendiculars  cut  the  axis 
were  measured.     These  dimensions  are  as  follows: — 


*  These  symboli  refer  to  the  headings  in  the  Tables  appended. 
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IV.  Lknoth  op  Snout  ;  from  zero  to  the  point  where  the  perpendicular  from 

centre  of  the  eye  cuts  the  axis,  /  Sn. 

V.  Lateral  Length  op  Head  ;  from  zero  to  the  point  where  the  perpendicular 

from  the  hind  edge  of  the  operculum  cuts  the  axis,  U  H. 

VI.  Distance  op  Pectoral  Fin  ;  from  zero  to  the  point  where  the  pjerpendicular 

tlirougli  the  proximal  end  of  the  first  ray  of  the  fin  cuts  the  axis,  d  Pf. 

VIL  Distance  op  Ventral  Fin  ;  from  zero  to  the  point  where  the  perpendicular 
through  the  proximal  end  of  the  first  or  outer  ray  of  the  ventiil  fin  cute  the 
axis,  d  Vf. 

VIII.  Distance  opFirst  DorsalFin  ;  from  zero  to  the  pointwhere  the  perpendicular 
from  the  anterior  edge  of  the  hase  of  the  first  aorsal  cuts  the  axis,  d  1  D. 

IX.  Distance  op  Second  Dorsal  Fin  ;  from  zero  to  perpendicular  from  the 

anterior  edge  of  the  base  of  the  second  dorsal,  d2t>. 

X.  Distance  op  the  Anus  ;  from  zero  to  perpendicular  from  the  hind  edge  of  the 

anus,  d  A. 

XI.  Distance  op  Anal  Spine  ;  from  zero  to  the  perpendicular  from  the  anal  spine, 

d  As. 

XII.  Length  op  Skull  ;  from  the  edge  of  the  occipital  foramen  to  the  tip  of  the 

ethmo-palatine  boss,  /  Sk. 

Xm.  Length  op  Mandible  ;  from  the  extremity  of  the  articular  to  the  tip  of 
the  mandible,  I  M. 

XIV.  Length  op  Dent  art  ;  the  length  of  the  ossified  portion  of  the  dentary,  I  De. 

XV.  Length  op  the  Tail  ;  measured  from  the  anterior  edge  of  the  31st  vertebra 

to  the  tips  of  the  shortest  rays  in  the  fork  of  the  tail,  /  T. 

XVI.  Length  op  Superior  Lobe  op  the  Caudal  Fin  ;  measured  from  the  superior 
hind  edge  of  tlie  29th  vertebra  to  the  extreme  tip  of  the  lobe  of  the  fin,  /  Cr. 

In  addition  to  the  preceding,  the  following  characters  which  admit  of 
enumeration  were  chosen  : — 

XIX.  The  Number  op  Vertebra. 

XX.  The  Number  op  Rays  in  the  First  Dorsal  Fin. 


XXI. 

»» 

,,            ,,       Second    ,, 

XXII. 

l» 

„           ,,       Anal  Fin. 

xxni. 

>* 

Dorsal  Finlets. 

XXIV. 

»» 

Anal           „ 

XXV. 

Weight. 

»> 


The  Length  of  the  fish  was  taken  as  the  distance  from  the  tip  of  the 
snout  to  the  middle  of  the  fork  of  the  tail.  This  standard  was  adopted 
by  Grarstang.* 

Mode  of  Mbasurembnt. 

Since  there  are  not  on  the  mackerel  external  marks  by  which  the  origin 
of  any  of  the  fins  may  be  sharply  defined,  it  was  necessary  to  select  certain 
artificial  points  which  would  enable  the  measurements  to  be  made  all 
through  with  some  degree  of  uniformity.  The  distances  on  the  body  were 
measured  from  the  one  origin — viz.,  the  tip  of  the  snout.  To  mark  the 
beginning  of  the  pectoral  fin  a  pin  was  inserted  at  the  angle 
between  the  base  of  the  first  ray  and  the  scapula  (3,  fig.  3) ;  the 
same  point  was  used  in  the  measurement  of  the  length  of  the  pectoral  fin, 
the  other  limit  being  the  extreme  tip  of  the  same ;  for  the  beginning  of  the 
ventral  fin  a  pin  was  inserted  at  the  angle  between  the  first  or  outer  ray  of 
the  ventral  fin  and  the  ventral  surface  of  the  body  (4,  ib.) ;  the  beginning 

*  Oarstang,    "  On   the  Variation,  Races,  and  Miflrations  of  the    Mackerel  {Scomber 
iCOOT^rtw),"  Journal  Afarint  Biological  AasocicUionf  N.S.,  Vol.  V.,  No.  3. 
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of  the  first  dorsal  fin  was  iodicated  by  a  pin  which  waa  introduced 
immediately  in  front  of  the  first  dorsal  ray,  between  it  and  the  anterior 
border  of  the  dorsal  groove  (5,  tb.) ;  a  slight  cut  made  with  a  scalpel,  close 
in  front  of  the  first  ray,  was  taken  as  the  commencement  of  the  second 
dorsal  (6,  ib.).  The  anus  was  located  by  means  of  a  pin  inserted  into,  or 
as  near  as  possible  to,  the  genital  aperture  (T,  i'^.).  The  length  of  the 
anout  was  obtained  by  measuring  the  distance  from  the  tip  of  the  snout 
to  the  point  where  the  perpendicular  from  the  ant«rior  edge  of  the  pupil 
cut  tho  lateral  axis,  and  adding  thereto  half  the  diameter  of  the  pupil 
(1,  ib.).  Since  the  eye  is  kept  in  place  by  two  adipose  lids  which  partly 
overlap,  it  was  almost  without  exception  found  to  be  fixed  in  a  uniform 
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Measuring  Board, 

In  order  to  readily  obtain  the  points  at  which  the  perpendiculars 
from  the  different  points  cut  the  lateral  axis,  a  board  {vide  figs.  1  and  2), 
which  served  this  purpose  with  a  considerable  amount  of  accuracy, 
was  constructed.  The  apparatus  was  furnished  with  a  movable  frame, 
carrying  a  thread  which  cut  the  lateral  axis  at  right  angles.  This 
frame  could  be  moved  from  one  end  of  the  board  to  the  other,  and  could 
thus  be  brought  exactly  over  each  selected  point  in  succession.  The  two 
supports  which  received  the  ends  of  the  thread  were  connected  together 
by  a  wooden  cross-piece  that  held  them  firmly  united.  The  near  support 
was  shaped  as  the  base  of  a  T  square,  so  that  when  it  was  pushed  up 
against  the  edge  of  the  board  the  thread  crossed  the  same  at  right  angles. 
The  edge  of  this  support  moved  over  a  millimetre  scale.  A  needle  point 
was  inserted  in  this  edge,  immediately  below  the  thread.  The  frame  was 
moved  along  until  the  pin  that  marked  the  point  on  the  fish,  the  thread, 
and  the  needle  point  were  in  the  same  plane.  The  distance  was,  with  the 
aid  of  the  needle  point,  then  read  off  on  the  scale.  The  thread  could  be 
raised  or  lowered  to  suit  the  varying  thickness  of  the  fish.  At  either  end 
of  the  board  there  was  a  support  which  received  one  end  of  a  thread 
which  traversed  the  board  longitudinally.  This  represented  the  lateral 
axis  of  the  fish,  aud  was  drawn  parallel  to  the  edge  of  the  board.  The 
lateral  axis  was  also  represented  by  a  groove  cut  in  the  board  itself.  The 
fish,  when  ready  for  measurement,  was  placed  on  the  board  with  the 
anterior  tip  of  the  mandible  and  the  middle  of  the  fork  of  the  tail  exactly 
on  the  lateral  axis,  so  far  as  could  be  judged  by  the  eye.  The  tip  of  the 
mandible  was  in  contact  with  the  upright  at  the  zero  point  of  the  scale. 
The  distances  were  accurately  measured  to  half  a  millimetre.  The 
measurements  of  the  skull,  mandible,  and  dentary  were  made  by  means 
of  callipers,  the  fish  having  been  first  boiled.  Other  dimensions — e,g,y 
length  of  tail,  etc. — were  got  by  the  aid  of  dividers.  It  has  been  necessary 
to  go  into  a  minute  description  of  the  modes  of  measurement,  for  it  is 
very  evident  that  unless  there  is  uniformity  in  taking  the  dimensions  no 
comparison  of  any  value  can  be  made  between  their  Means. 

The  mackerel  were  sent  from  the  West  Coast  to  Aberdeen  in  ice,  and, 
with  the  exception  of  a  few  which  were  examined  immediately,  were  put 
into  the  cold-storage  room  of  a  local  ice-factory.  There  they  were  kept 
until  they  were  required.     The  Aberdeen  fish  were  similarly  stored. 

Shortcomings  in  reaped  to  the  Measurements, 

It  was  not  possible  to  measure  every  one  of  the  characters  which  appear 
in  the  list  given  above  on  each  fish.  Some  of  the  fishes,  through 
damage  or  contortion,  were  unsuitable  for  certain  measurements,  and,  as 
will  be  seen  from  the  Tables  appended,  the  number  of  fishes  in  which  each 
character  was  noted  varies  considerably.  In  the  case  where  the  fish  is 
damaged,  or  is  much  contorted,  the  measurements  which  would  be  affected 
thereby  can  be  neglected,  but  where  the  fish  does  not  show  any  sign  of 
damage  there  may,  however,  be  a  certain  amount  of  contortion,  which  will 
affect  the  accuracy  of  the  measurements.  This  slight  contortion,  which  is 
not  apparent,  and  which  usually  occurs  at  the  neck  or  in  the  anterior 
part  of  the  trunk,  may  have  a  considerable  effect  on  the  disposition  of  the 
soft  parts,  and  consequently  on  such  characters  as  the  distance  of  the  fins 
from  the  tip  of  the  snout.  The  contortion  has  the  efifect  of  shortening 
these  distances.  The  true  distance  of  any  of  these  characters  is  to  be  got 
only  when  the  dorsal  fins,  tail  fin,  and  centre  of  the  tip  of  the  snout  are 
in  the  same  plane,  which,  when  the  fish  is  swimming,  is  vertical.     Any 
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flexure  of  the  body  to  the  right  or  left  shortens  the  distances  taken — 
namely,  the  projections  of  the  distances  on  the  lateral  axis.  A  certain 
amount  of  evidence  bearing  upon  the  extent  to  which  contortion  may  give 
rise  to  error  is  afforded  by  six  mackerel,  which  were  used  to  test  the  effect 
of  freezing  on  the  dimensions  of  the  body.  The  following  Table  gives  a 
comparison  between  the  measurements  taken  in  the  fresh  state,  and  the 
measurements  found  for  the  same  characters  after  the  fishes  had  been  in 
the  cold-storage-room  for  twenty-five  days:  — 


[Table. 
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When  the  mackerel  were  sent  to  the  store  the  pins  which  had  been 
used  in  marking  the  limits  of  the  dimensions  were  left  in  the  fish.  It 
was  thus  possible  on  re-examination  to  measure  to  exactly  the  same  points. 
Any  change  found  in  the  dimensions  was  due  then  to  alteration  in 
the  fish.  It  was  found  that  a  shrinkage  had  taken  place  in  length,  in 
amount  about  1  per  cent.  The  fishes  had  lost  in  weight,  in  amount, 
1*7,  2*3,  2-5,  2*5,  3,  and  3  per  cent,  respectively.  It  might  have  been 
inferred  that,  in  consequence  of  the  shrinkage  in  length,  a  proportional 
decrease  would  have  been  found  in  the  various  measurements.  But  this 
was  not  so ;  for  while  in  certain  cases  exactly  the  same  measurement  was 
obtained,  in  others  the  alteration  in  the  dimension  was  greater  than  the 
total  shrinkage  in  length  of  the  fish.  In  the  ca&e  of  the  girth,  that  in 
the  pectoral  region  showed  a  decrease  of  2mm.  in  some  cases ;  at  the 
second  dorsal  a  decreose  of  as  much  as  8mm.  was  found  in  the  case  of 
No.  5 — in  no  example  was  this  exceeded  ;  and  in  the  girth  at  the  root 
of  the  tail  a  shrinkage  of  as  much  as  4mm.  took  place.  With  the 
exception  of  the  preceding,  and  the  distances  of  the  dorsal  fins,  anus,  and 
anal  spine  from  the  snout — viz.,  c?  1  D,  c?  2  D,  c?  A,  and  d  As — none  of 
the  differences  exceed  2  5  mm.  In  the  case  of  c?  1  D  and  6?  2  D,  the  greatest 
differences  are  3*5  and  3ram.  respectively.  In  d  A  the  difference  is  as 
large  as  5'5intn.,  and  so  with  d  As.  The  latter  is  the  greatest  dimension 
measured  on  the  fish.  Those  fishes  which  show  the  extreme  differences — 
e.g.^  Nos.  2,  5,  and  6 — in  this  character,  also  show  considerable  differ- 
ences in  other  characters.  Again,  it  is  remarkable  that,  even  although  the 
fish  itself  has  shrunk  in  length  1  per  cent. — e,g.y  No.  1 — the  measure- 
ment d  As.  remains  at  23'5cm.,  which  it  was  found  to  be  before  freezing. 
If  that  measurement  had 'decreased  in  the  same  proportion  as  the  total 
length  had  lessened,  its  size  should  have  been  23*3.  The  fish  was  no 
doubt  contorted  when  it  was  in  a  fresh  condition  ;  and  the  disarrangement 
of  its  parts  may,  through  its  being  frozen,  have  been  lessened  or 
increased.  It  is  at  least  evident  that  in  the  varied  treatment 
which  a  fish  may  receive  in  capture,  or  iu  packing,  an  amount  of 
contortion  may  occur  which  it  is  quite  impossible  to  measure  or 
eliminate.  This,  then,  militates  against  the  accuracy  of  the  body- 
measurements,  and  must  be  kept  in  view  in  the  discussion  of  the 
results.  The  error  due  to  the  personal  equation  of  the  obseiTer  is 
eliminated  in  a  large  series  of  measurements,  when  the  characters  them- 
selves permit  of  accurate  measurement.  In  the  case  of  enumeration  of 
vertebrae  and  fin-rays,  where  the  numbers  are  small,  as  in  the  mackerel, 
the  personal  error  may  be  left  out  of  consideration. 

It  was  further  found  that  very  often  the  measurements  of  certain 
characters  were  of  different  values  for  the  two  sides  of  the  fish.  Thus, 
for  example,  in  14  mackerel,  measuring  from  31-36cm.,  the  greatest 
difference  between  the  lengths  of  the  mandibles  of  the  right  and  left  sides 
was  1mm.  The  most  common  difference  was  *5mm.  In  the  case  of  the 
dentary,  measured  on  both  sides  in  15  specimens,  in  nine  cases  equality 
was  found,  in  one  case  the  difference  was  1mm.,  while  in  th&  others 
it  was  '5mm.  The  length  of  the  pectoral  fin  was  found  to  be  the 
same  on  both  sides  in  three  out  of  six  fish  measuring  from  34-36cm.'; 
in  two  there  was  a  difference  of  1mm.,  and  in  the  sixth  a  difference 
of  '5mm.  As  regards  the  length  of  snout,  the  greatest  difference  was 
1mm.;  this  occurred  in  two  specimens.  In  the  lateral  length  of  the 
head,  a  difference  of  1mm.  was  found;  but  this  was  not  exceeded. 
The  distance  of  the  pectoral  fin  from  the  snout  varied  as  much  as 
2 '5mm.  on  the  two  sides ;  while  in  the  distance  of  the  ventral  fin 
differences  of  '5mm.  (three  specimens),  1mm.  (one  specimen),  l*5mm, 
(one  specimen),  4mm.  (one  specimen).        ^ 
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In  this  research  all  the  measurements  have  been  made  on  the  left  side 
of  the  fish. 

Vertebrje  and  Fin-rays. 

In  the  enumeration  of  the  vertebrae  no  difficulty  presents  itself ;  the 
same  is  true- of  the  fin-rays,  with  the  exception  of  those  of  the  first  dorsal 
fin.  The  posterior  rays  of  this  fin  are,  as  Garstang  has  pointed  out,  very 
small,  and  often  do  not  appear  above  the  skin.  It  is  necessary  to 
dissect  the  floor  of  the  dorsal  groove  in  every  fish  ere  one  can  be  sure 
that  all  the  fin-rays  have  been  noticed.  In  many  cases  only  the  base  is 
found  as  the  representative  of  the  ray.  This,  however,  has  been 
included  in  the  number  of  rays. 

The  Maokbrel  Investigated. 
The  mackerel  were  obtained  from  three  localities  : — 

I.  Clyde — Lower  Loch  Fyne,  June  and  July  1899 — 171  fishes  ' 
„        Kilbrennan  Sound,  October  9th  „         12 

II.  Barra  June        „  „         65 

Stornoway  August  13th  „         23 

III.  Aberdeen  August  and  September, 

The  mackerel  from  Lower  Loch  Fyne  were  taken  in  mackerel  net«$ ; 
those  procured  from  the  other  districts  were  captured  in  herring  drift- 
nets. 

The  following  Table  (II.)  shows  the  sizes  and  numbers  of  the  fish 
examined.  They  have  been  arranged  in  centimetre  divisions.  All  the 
fishes,  for  example,  measuring  from  30  to  30*9cm.  are  entered  in  the 
30cm.  group,  and  similarly  with  the  others. 

Table  II.  •  Sizes  and  Sex  of  the  Mackerel  Examined. 
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*  Mackerel  of  undetennined  sex  included. 

It  will  be  noticed  that  the  fishes  are  grouped  mainly  about  the  sizes 
32-35cm.,  the  numbers  ta|)ering  of!  above  and  below  these  limits.  On 
reference  to  Table  IT  a.,  wMch  gives  the  average  size  of  the  fishes  from 
each  district,  it  will  be  seen  that  their  averages  range  from  33-35cm.,  a 
space  of  less  than  one  inch.  In  instituting  a  comparison  between 
the  characters  of  two  or  more  groups  of  fishes,  it  is  necessary  that  they 
be  as  near  as  possible  of  the  same  stage,  which  is  couveniently  determined 
by  their  size.  This  is  important  in  order  to  eliminate  variations  which 
may  be  due  to  growth.  All  the  mackerel  here  recorded,  with  three  excep- 
tions, are  of  mature  size  ;  that  is  to  say,  their  sizes  do  not  fall  below  the 
sizes  of  the  smallest  mature  forms.  The  smallest  mackerel  was  an  unripe 
female  of  a  length  of  26 '8cm.  The  smallest  ripe  male  was  27 '7cm. 
Two  unripe  specimens  of  27  and  27 '5  were  obtained  from  Barra.  Their 
sex  was  not  determined.  The  smallest  ripe  female  was  28*9cm. ;  a  male 
of  this  size  was  also  ripe.  The  smallest  ripe  female  observed  by  Cunning- 
ham* was  29'5cm.,  while  the  smallet  ripe  male  was  30'3cm.  He 
considered  a  mackerel  of  that  size  to  be  two  years  old. 

In  a  total  of  236  mackerel  obtained  from  Loch  Fyne  and  Ibarra, 
measuring  from  26-43cm.,  only  13  examples  were  not  ripe;  four  females, 
measuring  26 '8,  28*4,  30,  and  32*3cm.,  were  unripe ;  four  specimens  of  27, 
27'5,  28  5,  and  28'6cm.  (sex  undetermined)  were  unripe;  five  males  of 
from  32-37cm.  were  not  ripe,  but  may  have  been  spent.  It  is  thus 
evident  that  the  mackerel  examined  were  of  mature  size.  None  of  the 
Aberdeen  mackerel  were  less  than  29'4cm.,  and  the  fish  at  this  size,  a 
female,  was  spent.  One  specimen  from  Kilbrennan  Sound  was  27 'Gem., 
and  the  ovary  had  the  appearance  of  being  spent.  It  is,  then,  obvious 
that  a  fair  comparison  may  be  drawn  between  the  groups,  so  far  as  the 
stage  of  development  is  concerned. 

There  is  still  sex-variability,  which  Heincke,  however,  found  to  be  of 
very  little  moment  in  the  herring.  I  have,  however,  kept  the  averages 
of  the  males  and  the  females  se[)arate.  When  combining  them  to  get  the 
average  for  the  group  1  have  included  thuse  mackerel  which  appear  in 
the  Tables  as  of  undetermined  sex. 

*  Journal  Marine  Biological  Association,  N.S.   Vol.  II.,  p.  232. 
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CONVBBSION  OF   MeASTJRBMENTH   INTO  PERCENTAGES. 

In  order  to  admit  of  a  comparison  between  the  measarements  made 
upon  mackerel  of  different  sizes,  it  is  necessary  to  convert  them  into  per- 
centages of  some  standard  length.  The  total  length  of  the  fish  is  a 
convenient  standard,  in  percentages  of  which  the  measurements  may  be 
expressed.  I  have  adopted  that  standard.  Hcincke,  however,  employed 
for  the  herring  more  than  one  standard.  For  measurements  made  upon 
the  head  he  took  for  his  standard  the  length  of  the  head,  and  so  on. 
This  may,  or  may  not,  be  an  advantage,  but  for  the  sake  of  simplicity  I 
have  employed  only  one  standard. 

Means  of  Averages. 

The  averages  of  all  the  characters  wore  then  calculated  for  all  the 
individuals  in  each  of  the  one-centimetre  divisions.  The  averages 
for  the  males  and  females  are  to  be  found  in  Table  VII.  (Aberdeen), 
IX.  (Clyde),  and  VIII.  (Barra),  (pp.  315  (rf  aefj).  The  figure  within 
brackets,  alongside  each  average,  indicates  the  number  of  individuals 
from  which  the  average  was  calculated.  The  averages  of  all  the 
males  and  all  the  females  in  respect  to  each  character  were  then 
found  (Table  III.),  and  this  was  finally  done  for  the  males  and  females 
together  {vide  Tables  IV.  and  IVa).  The  figures  in  the  vertical 
columns  marked  (No.)  give  the  number  of  individuals  from  which  the 
average  was  made.  The  Standard  Deviation  (<r)  and  Fluctuation  of  the 
Mean  {M  ±_br)  is  given  for  several  characters  in  Table  VIIa.  In  the 
calculation  of  these  quantities  I  am  indebted  to  Mr.  H.  M.  Kyle  for 
much  assistance. 
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Fin-rays  and  Finlets. 

The  variations  in  the  numbers  of  fin-rays  and  finlets  are  given  in 
Table  IXa.  (p.  3 1 9).  The  average  number  of  fin-rays  in  the  first  and  second 
dorsal  and  anal  fins  was  calculated  for  males  and  females  separately 
(Table  V.),  and  for  the  two  sexes  combined  (Table  Va).  The  same 
was  done  for  the  dorsal  and  anal  finlets,  and  the  results  are  given 
with  the  former.  Owing  to  the  fact  that  the  majority  of  the  mackerel 
from  each  locality  are  of  nearly  one  size,  it  is  impossible  to  satisfactorily 
break  them  up  into  groups  by  which  any  change  in  the  number  of  fin- 
rays  due  to  growth  uiight  be  proved  to  be  present  or  not.  So  far  as 
sexual  differences  are  concerned,  Table  V.  does  not  give  any  proof 
of  their  existence.  The  only  difference  between  the  averages  of  the  males 
and  females  is  to  be  found  in  the  second  place  of  decimals.  This  holds 
good  for  each  fin,  and  for  the  finlets  in  the  mackerel  from  the  three 
localities.  Eleven  of  the  Stornoway  specimens,  of  undetermined  sex, 
give  a  slightly  different  average  for  the  rays  of  the  first  dorsal,  but  in  so 
variable  a  character  eleven  specimens  are  too  few  upon  which  to  place 
any  importance.  If,  now,  the  males  and  females  are  taken  together,  and 
a  comparison  made  between  the  Means  for  the  three  localities,  a  little 
divergence  is  seen  in  the  case  of  the  first  dorsal  fin.  In  respect  to  this 
character  the  Means  for  Aberdeen,  the  Clyde,  and  Barra  and  Stornoway 
are  respectively  13'5,  1 3 '4,  and  13*76.  In  place  of  comparing  the 
observed  averages,  it  is  necessary  to  compare  the  fiuctuations  of  the 
Means  (Table  Va.).  In  the  case  of  the  first  dorsal  the  fluctuation  is 
13-27-13-73  for  Aberdeen,  that  for  the  Clyde  13-U-13-66,  and  that  for 
Barra  and  Stornoway  13'41-14'11.  In  order  that  the  Means  may  be 
regarded  as  differing  from  one  another,  their  fluctuations  must  not  overlap. 
But  in  this  case  all  three  do  so,  so  that  the  probability  is  that  as  regards  this 
character  there  is  no  racial  distinction  between  the  mackerel  of  the  three 
districts.  On  reference  to  the  Table  it  is  seen  that  the  fluctuations  of  the 
Means  overlap  in  the  case  of  the  rays  of  the  second  dorsal  and  anal  fins 
and  the  finlets.  So  far,  then,  as  these  characters  are  concerned,  no  racial 
differences  exist  between  the  three  groups. 

VERTEBRiE. 

The  number  of  vertebrae  was  found  to  be  very  constant,  viz.,  31. 
One  mackerel  alone,  3r3cm.  in  length,  from  the  Clyde,  had  a  greater 
number,  viz.,  32.     No  example  Avaa  found  with  less  than  31  vertebwe. 

The  Question  of  Sexual  Differences. 

So  far  as  this  research  goes,  none  of  the  characters  examined  can  be 
claimed  to  have  any  sexual  variability.  On  reference  to  Table  III.  it 
may  be  seen  that  the  relation  between  the  male  and  female  averages  is 
comparatively  irregular.  While  in  one  group  of  mackerel  (Aberdeen)  the 
male  average  for  the  distance  of  the  origin  of  the  pectoral  fin  from  the 
snout  {d  Pf.)  is  greater  than  the  female  average,  in  the  Clyde  the  reverse 
is  the  case,  and  in  the  Barra  fishes  the  male  average  is  again  the  greater. 
In  three  characters  only — the  distance  of  the  first  dorsal  {d  1  D), 
the  distance  of  the  anus  {d  A),  and  the  distance  of  the  anal  spine  {d  As) 
from  the  snout  respectively — is  the  female  average  greater  than  that  of 
the  male  in  the  mackerel  from  all  three  localities.  The  male  average,  on 
the  other  hand,  exceeds  the  female  in  three  characters — viz.,  the  length 
of  the  skull  {I  Sk),  the  length  of  the  mandible  {I  M),  and  the  length  of 
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the  dentary  (Z  De).  These  six  characters  are  alone  those  in  which  any 
sexual  distinction  appears.  In  the  distance  of  the  first  dorsal  from  the 
snoat  (d  1  D)  the  female  average  exceeds  the  male  in  the  Aberdeen  lot 
by  '03,  in  the  Clyde  group  by  *07,  and  in  those  from  Barra  and 
Stornoway  by  '08.  In  the  distance  of  the  anus  from  the  snout  {d  A)  the 
female  exceeds  the  male  average  by  '1  for  Aberdeen,  *2  for  the  Clyde, 
and  by  *06  for  Barra ;  and  in  the  distance  of  the  anal  spine  from  the 
snout  (d  As)  the  differences  are — Aberdeen  -08,  Clyde  'IB,  Barra  '06. 
The  greatest  difference  between  the  averages  is  in  the  case  of  the  distance 
of  the  anus  from  the  snout  {d  A)  in  the  Clyde  fish,  in  which  case  it  is  *2. 
It  is,  however,  necessary  to  apply  to  these  differences  the  test  of 
probability.  The  averages  are  not  really  different  unless  their  fluctuations 
fail  to  overlap.  Now,  in  the  case  where  there  is  the  largest  difference 
(•2)  just  cited,  the  averages  are — female  63*68,  male  63*48.  The  male 
average  has  a  fluctuation  of  from  63*3-63-64,  which  approaches  the  female 
average  so  closely  that  its  fluctuation  must  necessarily  overlap  that  of  the 
former.  So  with  the  other  differences  ;  none  of  them  are  sufficiently 
large  to  warrant  the  averages  being  regarded  as  indicating  sexual 
differences.  Again,  the  male  average  exceeds  that  of  the  female  in  the 
length  of  the  skull  (/  Sk),  length  of  the  mandible  (Z  M),  and  length  of 
the  dentary  (Z  De).  The  greatest  difference  does  not  exceed  '15 — a 
difference  which  is  not  sufficient  to  prevent  the  overlapping  of  their 
fluctuations.  The  conclusion  is,  then,  warranted  that  of  the  characters 
treated  none  are  of  sexual  variability. 

Comparison  of  the  Mackerel  from  the  Three  Districts. 

The  group  average  by  which  the  three  lots  of  mackerel  are  to  be 
compared  is  the  average  of  the  males  and  females  combined.  This 
combined  average  is  given  for  each  character  in  Tables  FV.  and  FVa. 
The  fluctuation  of  the  average  has  been  calculated  for  certain  of  the 
characters  which  were  capable  of  more  exact  measurement  than  the  others 
(Table  IVa).  So  far  as  the  characters  in  Table  IV.  are  concerned,  the 
averages  of  the  three  groups  approach  each  other  very  closely,  and, 
allowing  for  the  fact  that  the  dimensions  are  not  capable  of  very  exact 
measurement,  they  may  be  regarded  as  practically  coinciding.  In  the 
following  characters — then,  girth  at  three  points,,  viz.,  in  pectoral 
region,  at  beginning  of  second  dorsal  fin,  and  at  the  root  of  the  tail,  the 
lengths  of  the  dorsal  groove  and  of  the  superior  ramus  of  the  tail  fin, 
the  positions  of  the  pectoral  and  ventral  fins  and  of  the  anus — the 
mackerel  from  Aberdeen,  the  Clyde,  and  Barra  and  Stornoway  show  no 
appreciable  difference. 

On  examination  of  Table  IVa.  a  very  close  agreement  is  seen  to  exist 
between  the  three  localities  in  respect  to  the  characters  there  entered. 
In  this  case  the  greater  or  less  resemblance  will  be  tested  by  the 
fluctuations  of  the  Means  of  the  dimensions.  In  these  characters,  the 
means  of  which  for  the  three  localities  overlap  through  their  fluctuations, 
viz.,  the  length  of  the  snout  (/  Sn),  the  length  of  the  mandible 
(1  M),  the  length  of  the  dentary  (Z  De),  and  the  length  of  the 
tail  (Z  T),  complete  agreement  is  demonstrated.  Th^'y  do  not,  so  far 
as  the  evidence  in  this  paper  goes,  afford  any  indication  of  racial 
differences  between  the  mackerel  of  the  three  localities.  In  the  remain- 
ing characters,  viz.,  the  length  of  the  pectoral  fin  (Z  Pf),  the  distance  of 
the  first  dorsal  fin  {d  1  D),  the  distance  of  the  second  dorsal  fin  {d  2  D), 
distance  of  the  anal  spine  {d  As)  from  the  snout  respectively,  the  length 
of  the  skull  (Z  Sk),  the  three  Means  do  not  overlap,  but  in  each  character 
the  Means  for  two  localities  do  so,      Thus,  for  example,  the  Clyde  and 
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Barra  mackerel  overlap  in  respect  to  the  fluctuations  of  the  Means  of  the 
characters,  lateral  lengtli  of  the  head  {II  IT),  distance  of  the  first  dorsal 
fin  (d  1  D),  and  length  of  the  skull  {I  Sk);  while  the  Aberdeen  and  Barra 
specimens  overlap  in  the  length  of  the  pectoral  tin  (/  Pf)  and  distance 
of  the  second  dorsal  fin  {d  2  D). 

The  liability  of  the  distances  of  the  first  and  second  dorsal  fins  {d\T> 
and  d  2  D)  to  alteration  through  the  contortion  of  the  fish  has  been 
already  referred  to,  and  it  may  be  well  not  to  press  the  agreements  and 
difiereuces  in  these  characters.  Leaving  these  characters  aside,  the 
evidence  points  to  the  conclusion  that  m  the  lateral  length  of  the  head 
and  the  length  of  the  skull  it  is  probable  that  the  mackerel  of  the  Clyde 
and  those  of  Barra  and  Stornoway  resemble  each  other  more  closely  than 
they  do  those  of  Aberdeen  ;  while,  as  regards  the  length  of  the  pectoral 
fin,  Aberdeen  and  Barra  and  Stornoway  mackerel  would  appear  to  be  more 
closely  allied  to  one  another  than  they  are  to  the  mackerel  of  the  Clyde. 
The  nature  of  the  relationship  consists  in  the  Clyde  and  Barra  mackerel 
having  a  slightly  shorter  skull  and  lateral  length  of  head  than  the 
Aberdeen  forms  ;  the  means  of  these  dimensions  in  the  case  of  the  fishes 
of  the  former  districts  lie  between  16'01  and  16*27,  and  between  21*91 
and  22*41,  while  the  fluctuations  of  the  means  for  the  Aberdeen  district 
are  16*37-16-42,  and  22*51-22*62  respectively.  In  the  Clyde  specimens 
the  pectoral  fin  is  found  to  be  slightly  longer  than  in  the  Barra  and 
Aberdeen  examples.  The  means  for  this  character  lie  between  10*87  and 
11*07  in  the  Aberdeen  and  Barra  specimens,  and  between  11*19  and 
11*32  in  the  Clyde  fishes. 

In  order  to  show  how  great  the  differences  between  the  groups  are  in 
respect  to  the  dimensions  of  the  selected  characters,  and  to  the  number  of 
fin-rays  and  finlets,  a  typical  mackerel  has  been  constructed  for  each 
district  from  the  average  percentages  given  above.  The  averages  for  the 
males  and  females  combined  are  used.  The  average  length  of  all  the 
mackerel  is  33'4cm.  The  dimensions  of  a  theoretical  mackerel  of  a 
length  of  33cm.  (13  inches)  are  given  in  Table  YI.  All  the  dimensions 
are  in  centimetres,  and  it  is  therefore  possible  to  see  exactly  by  how 
much  the  averages  are  separated  from  one  another. 

Conclusion. 

Of  the  varied  characters  which  liave  been  considered,  there  are,  with  the 
three  exceptions  referred  to  above,  probably  none  which  differ  in  the 
three  groups  to  an  extent  that  would  permit  stress  to  be  laid  upon  them, 
when  the  shortcomings  of  the  dimensions  in  respect  to  accurate  measure- 
ment are  taken  into  account.  In  the  case  of  the  fin-rays,  finlets,  and 
vertebrae,  no  differences  which  would  on  Heincke's  method  admit  of  their 
separation  into  races  were  found.  Between  the  mackerel,  then,  which 
were  caught  at  the  times  recorded  in  the  Clyde,  at  Barra  and  Stornoway, 
and  off  Aberdeen,  the  difierences  in  the  lengths  of  the  head,  skuU,  and 
pectoral  fin  may  with  some  probability  be  granted  lacial  distinction.  The 
shorter  length  of  head  and  skull,  in  which  the  Clyde  and  Barra  and 
Stornoway  lots  more  closely  resemble  one  another,  separate  them  slightly 
from  the  Aberdeen  collection.  And  in  respect  to  a  shorter  pectoral  fin  the 
Aberdeen  and  Barra  and  Stornoway  fish  are  separated  by  a  small  interval 
from  the  Clyde  individuals.  With  regard  to  the  remaining  characters  I 
consider  that  the  evidence  does  not  prove  them  of  racial  distinction. 
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Previous  Wofk  on  the  Races  op  Mackerel. 

The  mackerel  caught  off  the  southern  coasts  of  Ireland  and  England 
hav"5  been  investigated  by  Oaistang.  Owing  to  the  fact  that  the  present 
research  has  been  conducted  on  different  lines  from  his  work,  it  is  not 
possible  to  institute  a  very  close  comparison.  It  may  not,  however,  be 
unprofitable  to  review  the  results  obtained  by  that  author,  more  especially 
with  regard  to  the  correlation  of  the  variations  of  the  numbers  of  finlets 
and  dorsal  fin-ravs. 

Garstang  established  among  the  European  mackerel  which  he  examined, 
two  races,  viz.,  the  Irish  (Kerry  and  Kinsale)  mackerel  and  the  North 
Sea  and  English  Channel  variety.  The  characters  upon  which  he 
founded  his  comparison  were — (1)  the  number  of  transverse  bars ;  (2) 
the  number  of  transverse  bars  which  cross  the  lateral  line;  (3)  the 
number  of  dorsolateral  intermediate  spots ;  (4)  and  (5)  the  number  of  fin- 
rays  in  the  first  and  second  dorsal  fins ;  (G)  the  number  of  dorsal  finlets. 
With  regard  to  the  first  of  these  characters  the  author  says :— "  The  bars 
are  not  always  distinct  and  parallel,  but  are  frequently  branched  and 
anastomosed  with  one  another,  broken  or  otherwise  irregular,  rendering 
the  task  of  enumeration  not  always  easy,  and  so  introducing  a  certain 
subjective  element  into  the  records."  In  the  case  of  the  second  character, 
viz.,  the  number  of  bars  that  cross  the  lateral  line,  another  interfering 
factor  is  present,  namely,  the  irregularity  of  the  lateral  line  in  its  course. 
By  means  of  the  third  character — the  "  spottiness  "  of  the  fish — he  was 
enabled  to  separate  the  American  examples  from  the  European  specimens. 
I  have  not  adopted  these  characters  for  the  present  research,  because  in 
such  a  case,  where  the  colour-markings  are  so  irregularly  disposed,  that 
the  two  sides  of  the  one  fish  generally  differ  in  the  arrangement  of  the 
bars,  too  much  will  depend  upon  the  observer,  and  too  little  upon  any 
rule  which  can  be  enunciated  for  guidance.  Owing  to  this  a  comparison 
between  the  results  of  different  workers  would  be  difficult,  if  not 
impossible.  As  ret^ards  the  number  of  rays  in  the  first  dorsal  fin,  I  have 
found  a  considerably  higher  average  than  was  found  by  Garstang  iu 
his  specimen^.  The  highest  average  which  he  found  was  12*5  rays  (in 
the  Scilly  mackerel),  while  for  Plymouth  the  average  was  12*18.  The 
lowest  average  which  I  obtiiined  was  13'4  (for  the  Clyde  fish),  while  the 
Aberdeen  specimens  gave  135,  and  the  Barra  and  Stornoway,  13*76. 
Moreover,  the  evidence  accnn-ulated  by  his  investigation  of  this  character 
indicated  that  a  reduction  in  the  number  of  recognisable  fin-rays  accom- 
panied the  increase  in  length  of  the  fish.  This  reduction,  he  is  inclined 
to  believe,  is  due  to  the  concealment  of  the  minute  posterior  mys  by  the 
encroachment  of  the  surrounding  tissues  on  the  lower  part  of  the  fin. 
Their  concealment  is  not  a  sufficient  description  of  the  reduction  in 
number  of  the  recognisabh^  rays.  Tht;  mackerel  which  I  have  examined 
do  certainly  afford  a  slight  indication  of  a  reducti(m  due  to  growth,  as 
the  following  Table  shows ;  but  the  evidence  here  furnished  is  not 
conclusive.  I  have  arranged  all  the  mackerel  of  which  I  have  noted 
the  number  of  first  dorsal  rays  into  two-centimetre  groups.  The  number 
of  specimens  in  each,  and  the  average  for  each  group,  are  given  alongside. 


[Table. 
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Cm. 

No. 

Average. 

Cm. 

No. 

Average. 

26-28 

15 

13-6 

29-31 

63 

13-4 

32-34 

256 

13-7 

26-33 

245 

1355 

35-37 

108 

13-2 

35-43 

227 

13-47 

38-40 

22 

1359 

— . 

41-43 

8 

14-1 

^~ 

— 

But  since  the  groups  are  so  irregular  as  regards  the  numbers  of 
mackerel  in  each  I  have  divided  the  whole  number  into  two  groups  of 
from  26-33  and  34-43cm8.  By  this  arrangement  a  slight  reduction  in  the 
number  of  rays  is  indicated  in  the  group  of  larger  fish  ;  the  averages 
being  13'55  for  the  less,  and  13*47  for  the  larger.  Two  groups  of 
mackerel  which  Garstang  compares  with  the  object  of  showing  this 
decrease  give  more  indication  of  the  reduction ;  e.^.,  129  mackerel  of  from 
5^-1 0^  inches  gave  an  average  of  12*49  rays,  while  127  of  from 
12^-15|  gave  an  average  of  12'02.  The  discrepancy  between  the  average 
numbers  of  rays  obtained  by  Garstang  and  by  myself  can  only  be  due  to 
a  difference  in  the  interpretation  of  the  term  recognisable.  And  herein 
lies  the  difficulty  of  counting  the  rays  of  this  fin.  In  almost  every  fish 
one  ray  at  least  was  completely  sunk  beneath  the  skin,  and,  notwith- 
standing its  minute  size,  if  its  articular  base  was  made  out,  it  was  counted 
as  a  ray. 

Second  Dorsal  Fin  and  Dorsal  Finlets. 

The  average  number  of  rays  found  by  Garstang  for  this  fin,  viz.  North 
Sea  and  English  Channel  11*946,  Brest  audScilly  11*948,  and  for  Ireland, 
S.  and  W.,  11*933,  agree  very  closely  with  what  I  found  in  the  Scottish 
fish,  viz.,  11*95  for  Aberdeen,  11  92  for  the  Clyde,  and  11*91  for  Barra 
and  Stornoway.  The  average  for  the  dorsal  finlets  of  the  same  southern 
localities  were  5*009,  4*994,  5*011,  while  those  for  the  5^cottish  districts 
were  4*996,  5,  and  4*96.     Here,  again,  a  close  agreement  is  seen. 

The  Correlatiftn  between  the  Variations  in  tfw  Numl^ers  of  the  Rays  of  the 
Second  Dorsal  and  Ancd  Fins,  and  the  Dorsal  and  Anal  Finlets. 

Garstang  draws  attention  to  the  correlation  between  the  variations  of 
the  second  dorsal  fin  and  the  number  of  dorsal  finlets,  and  from  an  analysis 
of  the  variation  of  these  organs  in  a  number  of  American  mackerel  makes 
the  following  generalisations; — (1)  "That  the  normal  or  modal  number  of 
fin-rays  (12)  is  constantly  associated  with  the  normal  or  modal  number  of 
finlets  (5)  ;  (2)  that  when  the  number  of  fin-rays  is  below  12,  the  variation 
in  the  number  of  finlets  is  confined  to  deviations  above  the  mode  (5) ;  (3) 
that  when  the  number  of  fin-rays  is  above  12,  the  deviations  from  the 
modal  number  of  finlets  are  exclusively  below  the  mode ;  (4)  that  the 
normal  number  of  finlets  (5)  is  associated  with  a  wide  range  of  variation 
in  regard  to  the  number  of  rays  in  the  second  dorsal  fin  (from  10-14) ; 
(5)  that  when  the  number  of  finlets  is  above  five,  the  number  of  rays  is 
constantly  below  12 ;  and  (6)  that  when  the  number  of  finlets  is  below  6, 
the  number  of  rays  is  constantly  above  12."  Nos.  1,  5,  and  6  do  not  hold 
good  for  Scottish  mackerel,  as  the  following  Table  will  show. 

Table  to  show  the  numbers  of  second  dorsal  fin-rays  which  have  b-^n 
found  associated  with  each  number  of  finlets,  and  the  observed  frequency 
of  each  combination  in  474  mackerel : — 
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Second  Dorsal  Fm-rays. 

Dorsal  Finlets. 

11 

12 

13 

14 

4 
5 
6 

52 
1 

5 

392 

3 

4 
16 

1 

It  is  thus  evident  that  the  normal  or  modal  number  of  fin-rays  of  the 
second  dorsal  (12)  is  associated  with  the  two  variations  (4  and  6)  of  the 
finlets,  and  in  the  present  instance  that  association  occurs  more  frequently 
than  what  might  be  called  the  compensating  association  of  a  higher 
number  of  lin-rays,  e,g,^  13,  with  a  lower  number  of  finlets,  e,g,  4. 
The  following  Table  givers  an  analysis  of  476  Scottish  mackerel  in  respect 
to  the  variation  in  the  number  of  anal  finlets  and  their  association  with 
variations  in  the  number  of  the  anal  fin-rays : — 


Anal 
Finlets. 

Anal  Fin-rays. 

9 

10 

11 

12 

13 

14 

4 
5 
6 

1 

2 

1 

44 
6 

2 

396 

3 

6 

12 

1 

It  is  here  seen  that  in  this  case  also  a  similar  relation  is  found,  viz., 
that  the  normal  or  modal  number  of  fin-rays  (12)  is  associated  with  both 
variations  from  the  modal  number  of  finlets.  The  following  generalisa- 
tion is  then  warranted,  viz.,  that  the  modal  number  of  rays  of  the  second 
dorsal  and  anal  fins  (12)  is  to  be  found  associated  with  the  two  varia- 
tions (4  and  6)  of  the  dorsal  and  anal  finlets  ;  and,  further,  that  with  a 
variation  in  the  number  of  finlets  either  above  or  below  5,  if  the  modal 
number  of  the  rays  of  the  related  fin  is  not  found  associated  therewith, 
the  rays  will  be  found  to  vary  in  number  from  12  inversely  as  the  finlets 
vary  from  5. 

It  is,  again,  apparent  from  these  two  Tables  that,  as  Grarstang  records  in 
his  fourth  generalisation,  the  normal  number  of  finlets  (5)  is  associated 
with  a  wide  range  of  variation  in  the  number  of  fin-rays.  A  converse  of 
the  generalisation  made  above  with  regard  to  the  variations  in  the  finlets 
holds  good  also  for  variations  in  the  fin  rays,  viz.,  that  the  modal  num- 
ber of  finlets  is  found  associated  with  most  of  the  variations  in  the 
number  of  rays ;  and,  further,  that  with  a  variation  iu  the  number  of 
finlets  either  above  or  below  12,  if  the  modal  number  of  finlets  be  not 
associated  therewith,  the  finlets  will  be  found  to  vary  in  number  from  5 
inversely  as  fin-rays  vary  from  12.  This  applies  to  both  dorsal  and  anal 
couples  (fin-rays  and  finlets).  These  two  propositions  may  be  stated  more 
briefly : — 
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(1)  When  the  number  of  finlets  varies,  the  number  of  fin-rays  remains 
normal,  or  varies  in  the  opposite  sense, 

(2)  When  the  number  of  fin-rays  varies,  the  number  of  finlets  remains 
normal,  or  varies  in  the  apposite  sense. 

The  variation  of  the  finlets  in  the  opposite  sense  to  the  fin-rays  is  more 
apparent  than  real.  So  long  as  a  distinction  is  made  between  the  fin- 
rays  and  the  fiulets,  the  compensating  variation  seems  to  occur.  But  the 
finlets  are  really  detached  rays  of  the  second  dorsal  fin.  Yery  often  a 
finlet  remains  attached  to  the  fin,  and  occasionally  a  fin-ray  becomes 
detached  from  the  fin,  in  which  cases  we  get  such  compensating  variations 
as  13  fin-rays  and  4  finlets  and  11  fin-rays  and  6  finlets,  which  of  course 
together  give  the  normal  total  12-1-5  (17).  In  these  compensating 
variations  there  is  no  real  variation  in  number,  simply  a  slight  variation 
in  location.  The  rearrangement  (in  brackets)  of  the  figures  in  Table  X. 
eliminates  this  compensating  variation.  The  generalisation  may  there- 
fore be,  with  great  probability,  simplified  thus — (1)  that  with  variations 
in  the  number  of  fiulets  there  are  associated  the  normal  number  of  fin- 
rays  ;  (2)  that  with  variations  in  the  number  of  fin-rays  there  are  associ- 
ated the  normal  number  of  finlets. 

Table  X. 
Combination  of  Variations  in  One  Couple  toith  the  Normal  in  the  other. 


Variations  in  Dorsal  Couple. 

Variations  in  Anal  Couple. 

2nd 

Dorsal 

Fin-rays. 

Dorsal 
Finlets. 

Anal 
Fin-rays. 

Anal 
Finlets. 

Fre- 
quency. 

Anal 
Fin-rays- 

Anal 
Finlets. 

2nd 

Dorsal 

Fin-rays. 

Dorsal 
Finlets. 

Fre- 
quency. 

18  (12) 

12 

12 

11  (12) 
12 

4(6) 
4 

4 

6(6) 

6 

12 
12 

11  (12) 
10  (11) 
12 

6 
6 

6(6) 
6(6) 
6 

4 
4 

1 
1 
8 

13  (12) 
12 

14  (18) 
13  (12) 
18  (12) 
11  (12) 

4(6) 

4 

4(6) 

4(6) 

4(6) 

6(5) 

12 
12 
12 
11 
13 
12 

6 
6 
6 
6 
6 
6 

6 
2 

1 
1 
1 
6 

Table  XI. 


Variations  in  the  Number  of  2nd  Dorsal 
Fin-rays,   accompanied      bv      Normal 
Number  of  Dorsal  and  Anal  I*'inlets. 

Variations  in  the  Number   of  Anal  Fin- 
rays,  accompanied  by  Normal  Number 
of  Dorsal  and  Anal  Finlets. 

2nd 

Dorsal 

Fin-rays. 

Dorsal 
Finlets. 

Anal 
Fin-rays. 

Anal 
Finlets. 

Fre- 
quency. 

Anal 
Fin-rays. 

Anal 
Finlets. 

Dorsal 
Fin-rays. 

Dorsal 
Finlets. 

Fre- 
quency. 

11 
12 
13 
14 

5 
6 
6 
6 

12 
12 
12 
12 

5 
5 
5 

35 

337 

12 

1 

11 
13 
11 
13 
11 
9 

6 
6 
5 
6 
6 
6 

12 
12 
11 
U 
18 
11 

5 
6 
6 
6 
6 
6 

84 
6 
8 
8 
1 
1 

\ 

324 


Fart  III, — Eighteenth  Annxuil  Report 


Table  X[I. 


A. 

B. 

C. 

Variations  in  Dorsal  Com- 
bination. 

Variations  in  Anal  Combi- 
nation. 

Additional    Variations    in 
Dorsal   and  Anal  Com- 
binations. 

2nd  Dorsal 
Fin-rays 

and 
Finlets. 

Anal 
Fin-rays 

and 
Finlets. 

Fro- 
qiioncy. 

Anal 
Fin-rays 

and 
Finlets. 

Dorsal 
Fin -rays 

and 
Finlots. 

Fre- 
quency. 

Dorsal 
Fin-rays 

and 
Finlets. 

Anal 
Fin-rays 

and 
Finlets. 

Fre- 
quency. 

— 

— 

— 

16 

17 

38 

16 

14 

1 

14 

17 

1 

18 

17 

7 

16 

16 

8 

16 

17 

41 

- 

— 

— 

16 

18 

8 

18 

17 

18 

17 

17 

351 

18 

16 

1 

19 

17 

1 

— 

- 

— 

18 

18 

3 

Correlation  between  the  Dorsal  Couple  (2iiti  Dorsal  Fin-rays  and  Dorsal 
Finlets  J  and.  the  Anal  Couple  (Anal  Fin-rays  and  Anal  Finlets). 

For  the  purpose  of  this  comparison,  each  set  of  fin-rays  and  finlets  is 
added  together.  The  normal  number  is  17  in  each  case.  The  correlation 
which  is  found  to  exist  is  as  follows  : — That  a  variation  from  the  normal 
number  in  the  dorsal  couple  is  accompanied  by  the  normal  number  in 
the  anal  couple,  and  vice  versa.  This  proposition  will  be  modified  later, 
when  the  exceptions  to  this  rule  are  considered.  In  Tables  X.  and  XL 
are  set  forth  the  various  combinations  of  fin-rays  and  finlets  whicb  were 
present  in  468  mackerel  ($  and  $) ;  and  iii  Table  XII.  the  number 
of  fin-rays  and  finlets  are  added  for  each  couple.  In  the  divisions  A  and 
B  all  the  variations  which  agree  with  the  above  generalisation  are 
entered.  In  division  C  are  the  exceptions.  They  are  16  in  number. 
One  variation,  which  occurred  eight  times,  is  a  decrease  in  the  dorsal 
couple,  accompanied  by  a  similar  decrease  in  the  anal — viz.,  16  in  each ; 
while  a  second  variation,  in  which  both  couples  were  equally  increased — 
viz.,  18  in  each — occurred  three  times.  In  these  two  cases,  then,  we  have 
accompanying  a  decrease  or  an  increase  in  one  couple  an  equal  decrease  or 
increase  in  the  other.  There  remain  five  cases,  in  four  of  which  a  decrease 
in  one  couple  was  accompanied  by  an  increase  to  the  same  amount  in  the 
other  couple — viz.,  16  and  18  and  18  and  16.  The  last  exception — viz., 
dorsal  16,  anal  14 — is  one  in  which  an  abnormally  low  number  of  anal 
fin-rays — viz.,  nine — was  found.  This  reduction  is  possibly  due  to  injury. 
Two  other  cases  in  which  abnormally  low  numbers  were  found — e.^.,  in 
one,  two  dorsal  finlets  and  in  the  other  eight  dorsal  fin-rays — have  been 
left  out,  since  they  were  evidently  due  to  injury.  A  generalisation  which 
would  include  all  the  cases  (with  the  exception  of  the  three  supposed 
abnormal  cases)  is  as  follows  : — A  variation  in  one  couple  is  accompanied 
by  the  normal  number,  or  by  an  equal  deviation  in  the  same  or  opposite 
sense  in  the  other.  It  is  very  possible  and  probable  that  the  variations 
in  the  dorsal  and  anal  couples  may  be  sometimes  correlated  with  varia- 
tions in  the  number  of  caudal  rays,  and  such  a  relation  may  be  present  in 
the  case  of  those  exceptions  which  required  a  widening  of  the  proposition. 
I  have,  however,  no  data  bearing  on  the  number  of  caudal  rays. 
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An  attempt  was  made  to  find  what  correlation,  if  any,  existed  between 
the  number  of  rays  of  the  first  dorsal  fin  and  the  various  combinations  of 
the  dorsal  and  anal  couples.  These  are  set  out  in  Table  XIII.  No  con- 
nection was  very  apparent.  It  would  not  unnaturally  be  expected  that 
the  first  dorsal  fin  would  vary  quite  independently  of  the  dorsal  couple, 
and  this  is  probably  the  case. 
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TiBLB  xrv. 

Ripe  and  Unripe  Spent  Mackerel. 


The  Spawning  of  the  Mackerel. 

A  certain  amount  of  evidence  beariag  oa  the  spawning  season  of  the 
mackerel  has  been  afforded  by  the  fishes  examined  during  this  reeeatch. 
Among  the  mackerel  got  iu  Loch  Fy ne  and  at  Barra  in  June  and  July 
105  males  and  118  females  were  ripe;  four  females  were  unripe,  and  five 
males  ripe  or  spent;  four  apecimena  of  undetermined  sex  were  unripe  (vide 
Table  XIV.).  The  total  of  ripe  females  included  seven  spent  fish.  Twenty- 
three  mackerel  were  obtained  from  Stornoway  on  August  13th;  of  these, 
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one  female  was  ripe  and  three  females  were  spent,  while  the  remainder  were 
unripe  (or,  in  the  case  of  the  males,  possibly  spent).  Of  the  207  specimens 
caught  off  Aberdeen  in  the  latter  half4of  August  and  first  half  of  Sep- 
tember 95  were  females,  and  of  these  8  were  spent ;  nine  were  ripe.  The 
males  were  either  unripe  or  spent.  In  October,  12  fish  were  sent  from 
Kilbrennan  Sound ;  of  these,  five  were  spent  females.  It  is  to  be  inferred, 
then,  that  on  the  West  Coast  spawning  takes  place  in  July  and  part  of 
August.  The  lower  and  upper  limits  of  the  spawning  season  it  is  so  far 
not  possible  to  fix.  The  mackerel  caught  off  Aberdeen  had  ceased 
spawning  by  the  middle  of  August  The  smallest  ripe  male  was  27*7cm. 
in  length  ;  the  smallest  ripe  female  was  28'9cm.  long.  The  smallest  ripe 
male  and  ripe  female  mackerel  recorded  by  Cunningham*  were  30*3  and 
29*5cm.  long  respectively.  He  considered  that  this  form  had  a  short 
spawning  period  in  the  vicinity  of  Plymouth — viz.,  from  the  middle  of 
May  to  the  end  of  July. 

Weights  of  Ripe  and  Unripe  Mackerel, 

The  accompanying  Table  (XV.)  gives  some  pai*ticulars  of  the  weight 
of  ripe  and  imripe  mackerel  at  various  sizes.  The  average  weight  is 
given  for  all  the  mackerel  at  each  size,  the  number  of  specimens  from 
which  the  average  is  made  being  indicated  by  a  number  within  brackets. 
In  most  instances  the  average  weight  of  the  unripe  male  exceeds  that  of 
the  ripe  male.  In  two  cases — viz.,  at  32  and  35cm. — the  ripe  male  exceeds 
the  unripe  by  10  and  7  grammes  respectively.  At  33cm.  the  unripe 
male  exceeds  the  ripe  by  39  grammes.  There  is  much  greater  variation  in 
the  relation  of  the  ripe  and  unripe  females  to  one  another.  Cunningham 
records  a  ripe  male  of  42 '5cm.  length  weighing  524  grammes ;  the 
only  ripe  male  of  this  size  which  I  have  weighed  was  837  grammes  in 
weight.  The  numbers,  which  are  given  in  Table  XV.,  are  not  sufficient  to 
permit  of  any  detailed  discussion.  It  is,  however,  very  evident  that,  so 
far  as  they  go,  they  point  out,  in  several  cases,  that  the  ripe  and  unripe 
males  are  of  very  similar  weight,  and  so  with  the  ripe  and  unripe  females, 
while  in  other  instances  they  diverge  considerably. 

*  Lvc.  cU. 
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VIII. -REPORT  ON  THE  OPERATIONS  AT  DUNBAR 
MARINE  HATCHERY  DURING  THE  SPRING  SEASON 
1899. 

£t  Harold  C.  Danneviq. 

As  mentioned  in  last  year's  Report,  the  transference  of  the  Dunbar 
Hatchery  to  the  same  site  as  the  Marine  Laboratory,  Bay  of  Nigg, 
Aberdeen,  had  to  be  postponed  owing  to  delay  in  the  completion  of  the 
large  tidal  pond,  and  it  was  found  necessary  to  continue  the  hatching 
operations  at  Dunbar  for  another  season.  Owing  to  this  and  to  the 
stormy  weather  which  prevailed  during  the  early  part  of  the  year,  the 
collection  of  spawners  was  begun  in  the  third  week  of  February.  The 
fish  were  procured  by  the  "  Garland  "  from  steam  trawlers  as  in  previous 
years,  and  from  February  25th  to  April  Ist  a  total  number  of  419  male 
and  female  plaice  were  landed  and  placed  in  the  8|)awning  pond.  The 
collection  of  the  spawners  was  sometimes  a  matter  of  difficulty  owing  to 
the  stormy  weather,  and  the  '*  Grarland  "  on  several  occasions  found  it 
impossible  to  land  the  fisli  at  Dunbar,  and  had  to  keep  them  on  board,  in 
tubs,  in  Gran  ton  harbour  until  the  weather  moderated,  a  constant 
circulation  of  water  being  maintained.  On  two  or  three  occasions  it  was 
found  desirable  to  remove  the  ripe  8i)awn  from  the  fishes  at  Granton,  to 
fertilise  the  eggs,  and  take  them  on  to  the  hatchery.  It  has  been  found 
that,  though  in  ripe  condition  at  the  time  of  capture,  the  plaice  does  not 
spawn  immediately  upon  being  put  into  confinement.  Several  days,  or 
even  more  than  a  week,  may  elapse  before  the  regular  spawning 
commences.  But,  as  has  been  stated  in  previous  Reports,  this  regular 
spawning,  or  a  daily  production  of  fecundated  eggs,  is  preceded  by  the 
extrusion  of  non-fertilised  eggs — eggs  that  have  been  retained  in  the 
ovaries  or  oviduct  so  long  that  they  are  incapable  of  fecundation.  This 
retention  of  ripe  eggs  appears,  in  the  first  instance,  to  be  due  to  fright, 
discomfort,  or  bodily  injury  to  the  fish ;  and  if  it  is  not  continued  for  a 
sufficiently  long  time  to  allow  any  quantity  of  ripe  eggs  to  accumulate 
has  not  serious  consequences.  Once  the  overdue  eggs  have  been  got  rid 
of  a  normal  spawning  follows ;  but  if  a  large  number  of  eggs  are 
retained  in  the  ovaries  and  oviduct  the  latter  becomes  congested,  and 
serious  consequences  for  the  fish  may  be  apprehended.  The  as  yet 
healthy  ovary  continues  to  swell  by  the  development  of  new  eggs,  and  if 
the  outlet  is  closed  it  is  easily  seen  how  the  ovaries  may  reach  such  a 
distended  condition  as  to  be  dangerous  not  only  to  this  organ  but  to  the 
fish  itself.  The  immediate  consequences  are  that  a  fish  in  such  a 
condition  becomes  inactive,  and  does  not  take  any  food.  If  the  capture 
has  inflicted  any  superficial  injury  in  the  region  of  the  ovary,  inflammation 
soon  sets  in,  and  the  tenacity  of  the  abdomen  becomes  reduced.  The 
constantly  increasing  pressure  in  the  ovary  may  gradually  force  a  portion 
of  this  organ  through  the  iuflamed  tissue  and  leave  it  exposed.  If, 
however,  the  abdomen  is  healthy  and  able  to  withstand  the  ovarian 
pressure,  the  intestines  become  pushed  forward  and  partly  out  through 
the  anus  ;  while  the  foremost  part  of  the  oviduct  is  often  also  pushed 
out  externally.  As  in  all  these  cases  the  fish  is  rendered  useless  for 
breeding  purposes,  and  almost  invariably  will  die  in  the  course  of  the 
season,  I  have  found  it  expedient  at  once  to  kill  such  specimens.      In 
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other  cases,  when  the  ovarian  pressure  is  not  sufficiently  great  to  cause 
such  injury  as  that  described,  the  eggs  will  gradually  begin  to 
disintegrate,  and  the  once  very  hard  ovary  becomes  softer,  while  the 
pressure  is  gradually  diminished.  In  the  course  of  the  summer  the 
disintegration  leaves  the  contents  of  the  ovary  in  a  semi-fluid  condition, 
containing  fragments  of  the  broken-up  egg — capsules.  While  pressure 
is  still  present  part  of  this  fluid  may  escape  through  the  oviduct,  and  if 
a  fish  in  such  a  condition  is  placed  upon  a  table  some  of  this  fluid 
generally  flows  out.  But  I  have  observed  that  once  the  ovary  of  the 
plaice  has  been  excessively  distended  for  any  length  of  time  it  does  not 
again  contract  freely,  and  it  is  not  therefore  able  to  expel  the  entire 
contents,  and  a  certain  portion  of  it  must  consequently  become  absorbed 
before  a  normal  state  is  established.  From  observations  made  during  the 
months  of  December  and  January  upon  plaice'  that  had  been  egg-bound 
during  the  previous  season,  it  appears  that  this  absorption  is  not  always 
completed  at  that  time  of  the  year,  although  I  always  found  small  eggs, 
with  more  or  less  yolk,  developing  from  the  walls  of  the  ovary. 

The  above-mentioned  difficulties  have  a  great  effect  upon  the  success 
of  the  hatching  work  as  regards  the  number  of  fertilised  eggs  that  may 
be  obtained  from  fish  that  have  been  captured  immediately  before  or 
during  the  course  of  the  spawning  season ;  and  the  necessity  of  having 
the  breeding-stock  of  plaice  collected  at  some  other  period  of  the  year  by 
which  these  difficulties  could  be  avoided,  is  therefore  apparent.  While 
working  at  Dunbar,  where  the  plaice  had  to  be  landed  by  the  "  Garland,'' 
it  was  necessary,  for  the  sake  of  time,  to  collect  the  fish  when  caught  in 
the  greatest  number — viz.,  when  they  gather  on  the  offshore  spawning 
grounds.  But  as  other  facilities  may  be  utilised  from  the  port  of 
Aberdeen,  it  is  to  be  hoped  that  the  necessary  supply  of  adult  plaice  may 
be  secured  at  the  most  suitable  time  of  the  year,  as  it  is  intended  to 
retain  the  fish  from  year  to  year. 
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From  the  adjoining  Table  I.,  which  shows  the  daily  progress  of  the 
hatching  work,  it  will  be  seen  that  the  first  collection  of  fecundated  eggs 
was  made  on  March  10th,  or  thirteen  days  after  the  first  lot  of  fish  were 
landed.  The  total  number  of  eggs  collected  in  the  course  of  the  season 
was  18,700,000,  and  of  these  2,230,000,  or  not  quite  12  per  cent.,  were 
lost  during  the  process  of  incubation.  The  remaining  16,470,000  were 
successfully  hatched,  and  the  larvae  transported  to  the  upper  part  of  Loch 
Fyne,  where  they  were  distributed  at  various  places  to  the  north-east  of 
a  line  between  Inveraray  and  the  Poll  Point.  After  heavy  rains  the 
sjlinity  of  the  surface  water  in  the  upper  part  of  the  loch  is  often  much 
reduced,  and  in  such  cases  the  fry  were  lowered  down  into  water  of  a 
density  of  1022  5  or  more.  The  particulars  in  each  case  are  shown  in 
the  subjoined  Table  II.  : — 
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INTRODUCTION. 

The  present  work  was  begun  during  the  winter  of  1898-99  at  St. 
Andrews,  was  continued  as  time  and  opportunity  permitted  at  Heligo- 
land, later  at  the  British  Museum  of  Natural  History,  and  at  the 
Zoological  Station  at  Naples.  The  opportunities  thus  afforded  for  the 
examination  of  material— both  fresh  and  in  spirit — were  exceptional, 
and  a  much  larger  number  of  specimens  and  of  species  have  passed 
through  my  hands  than  I  had  at  first  thought  of  or  hoped  for.  I  have 
to  thank  Prof.  Mcintosh,  F.R.S.,  of  St.  Andrews,  and  Prof.  Heincke 
and  Dr.  Ehrenbaum  of  Helgoland,  for  the  use  of  the  Marine  Labora- 
tories at  St.  Andrews  and  Heligoland  ;  Mr.  Boulenger,  F.R.S.,  especially 
for  the  kindnass,  encou]*agement,  and  aid  I  received  whilst  working  at 
the  British  Museum  of  Natural  History ;  also  the  British  Association 
for  the  Advancement  of  Science,  through  the  secretary,  Prof.  Howes, 
F.R.S.,  for  the  honour  of  occupying  their  Table  at  the  Naples  Marine 
Station  ;  and  the  stall  of  the  latter  for  much  kindness  and  courtesy. 

The  species  which  have  been  examined  include  the  majority  of  the 
European  foi-ms,  representatives  of  the  chief  genera  of  the  Ameiican 
fiat-fishes,  and  of  those  of  the  Indian,  China,  and  Australasian  seas. 
In  spite  of  the  large  number  of  ."(pecies  which  has  been  examined,  the 
number  unexamined  is  very  much  larger,  so  that  the  present  classifica- 
tion does  not  profess  to  be  complete,  but  mei*ely  offers  a  certain  outline 
into  which  the  various  groups  fit,  and  displays  in  a  manner  easily 
grasped  the  «i[aps  in  our  present  knowledge  of  these  forms.  The  origina 
aim  was  to  ti-ace  out  the  natural  affinities  of  the  various  sub  families 
and  the  changes  in  their  characters  with  geographical  distribution,  by 
the  study  of  their  internal  structure  as  well  as  of  their  external 
characteristics.  The  i*e6ult8  that  have  come  to  the  sui-face,  and  perhaps 
one  might  say  the  **  cream  "  of  the  work  which  has  been  done,  are  here 
gathered  together  into  the  present  paper,  and  it  is  hoped — if  the  oppor* 
tunity  is  given — to  enter  more  in  detail  into  the  anatomy  and  develop- 
ment of  the  flat-fiishes,  and  thence  be  able  to  eliminate  the  shortcomings 
of  the  present  work,  and  give  fuller  descriptions  of  the  specific  and 
generic  differences  within  the  ffeteroaomcUa. 

External  Characters. 

The  great  majority  of  the  external  characters — scales,  coloration,  fio- 
rays — are  only  of  specific  importance  in  the  ffetej'oaomata.  These  are 
characters  which  vary  greatly  and  give  rise  to  great  difficulties  even  in 
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the  separation  of  species.  Of  somewhat  greater  value  are  the  relative 
dimensions  which  are  usually  given  of  different  parts  of  the  body. 
These  are  also  subject  to  great  variation,  and  are  in  many  cases  useless 
and  misleading.  Yet  if  those  dimensions  are  chosen  which  express  the 
"  form  "  of  the  species,  and  sufficient  examples  are  measured,  one  can 
readily  see  that  they  should  be  of  gi-eat  value.  For  example,  the 
"  form  "  of  the  Plaice,  Flounder,  and  Halibut  cannot  be  mistaken  for 
that  of  a  Turbot,  and  neither  for  that  of  a  Lemon-dab  or  a  Sole.  Apart 
from  the  general  **  form  "  the  dimensions  of  parts,  e.g.  of  the  lengths  of 
fins  or  of  the  mandible,  the  breadth  of  the  interorbital  space,  and  so  on, 
are  of  no  more  than  specific  value. 

The  indefinite  nature  of  the  external  form  of  the  flat-  6sh  is  shared 
by  various  other  characters  which  constitute  the  external  appearance  of 
the  animal.  They  seem  at  first  sight  to  be  definite,  even  generic 
characters,  and  thus  worthy  of  being  ranked  as  important  in  a  system 
of  classification,  but  yet  when  examined  more  closely  they  seem  capable 
of  indefinite  and  indeterminable  variation.  One  of  these  characters  is 
the  position  which  the  eyes  occupy,  whether  on  the  left  or  right  side  of 
the  animal.  By  some  writers  (40)  this  character  has  been  ranked  as  of 
generic  impoi-tance,  but  most  systematists  have  given  it  a  subordinate 
rank.  A  great  deal  might  be  said  for  both  sides.  When  we  find  that 
a  character  varies  even  within  the  limits  of  a  species,  as  this  one  does  for 
many  species  both  of  the  European  and  American  fauna,  we  are  apt  to 
regard  it  as  useless  for  classificatory  purposes.  And  yet  if  we  omit  these 
variable  species  we  find  that  this  character  is  constant  and  generic. 
Further,  if  we  disregard  what  are  evidently  abnormalities,  such  as 
Turbots  with  arrested  migration  of  the  eye,  we  find  that  the  variable 
species  are  transitional  forms  of  some  kind  or  other.  This  character  is 
therefore  employed  as  of  great  importance  in  the  present  classification. 
It  aids  to  bring  out  the  affinities  of  the  different  groups,  and  it  will  be 
shown  how  even  the  variable  forms,  when  properly  classified,  serve  the 
same  purpose. 

Another  character  of  the  same  description  is  found  in  the  position  of 
the  anterior  extremity  of  the  dorsal  tin  on  the  head.  This  was  employed 
as  generic  by  Giinther  and  previous  wiiters,  but  discarded  by  more 
recent  systematists.  Taken  by  itself,  this  character  suffers  from  our 
inability  to  give  it  a  clear  definition,  but  when  considered  in  its  relation 
to  the  position  of  the  nasal  organ  of  the  blind  side,  as  will  be  done  later, 
it  is  one  of  the  most  important  characters.  The  reason  for  this  is  not 
far  to  seek.  It  is  certain  that  the  flat-fishes  are  descended  from  some 
type  of  round -fish,  and  in  the  latter  the  dorsal  fin  does  not  extend 
forward  over  the  head.  Hence  the  different  degrees  we  find  in  the 
forward  extension  of  this  fin  should  mark  the  different  stages  in 
specialisation  of  the  various  groups  of  fiat-fishes.  Such,  as  we  pass  from 
the  Halibut-group  throujjh  the  Plaice-  and  Turbot-groups  to  the  Soles, 
is  indeed  the  case,  and  the  only  difficulty  in  the  way  of  employing  this 
character  is  our  inability  to  define  properly  the  position  of  the  anterior 
extremity  of  the  fin.  By  employing  the  position  of  the  nasal  organ  we 
obtain  a  character  which  is  more  easily  expressed,  although  both  char- 
acters, as  will  be  shown  later,  must  be  taken  together  in  measuiing 
affinities. 

The  size  of  tJie  mouth  was  another  character  considered  by  Giinther 
as  of  even  greater  importance  than  the  position  of  the  anterior 
extremity  of  the  dorsal  fin,  and  which  has  also  been  degraded  from 
this  high  importance  by  the  American  writera.  It  has,  indeed,  far 
less  to  recommend  it  than  the  former  character.  The  Turbots 
and  Halibut,  for  oicample,   are  grouped  together   by  Giinther  under 
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the  widemoutlied  species,  and  separated  from  the  Plaice  and  its 
allies  as  small- mouthed  species.  Such  a  classification  very  obviously 
distorts  the  real  affinities,  because  in  all  other  impoi-tant  characters 
the  Plaice  and  Halibut*  gi'oups  come  together  and  separate  them- 
selves widely  from  the  Turbots.  Nevertheless,  if  we  disregarded 
all  consideration  of  affinities,  and  endeavoured  empirically  to  find 
those  characteristics  which  displayed  bast  the  general  resemblances 
and  differences,  this  would  be  one  of  the  characters  chosen.  It  is 
of  the  most  widespread  general  nature,  and  there  are  very  few  transi- 
tional forms  between  the  wide -mouthed  groups  with  teeth  almost  equally 
developed  on  both  sides  of  the  jaws,  and  the  small-mouthed  group 
with  teeth  more  developed  on  the  under  sides  of  the  jaws  than  on  the 
upper.  Jordan  cites  a  tr.insitional  form  (32,  p.  285),  but  none  have 
been  seen  by  myself.  Yet  this  chaiucter,  for  the  reason  stated  above, 
can  only  be  regarded  as  of  secondary  importance  in  tracing  affinities. 
It  is  almost  certain,  for  example,  that  the  original  primitive  form  was 
wide-mouthed,  akin  to  a  Gadoid.  Shall  we  say,  then,  that  the  Turbot, 
which  hius  retained  this  chariicter  but  has  altered  in  many  others,  is 
more  nearly  allied  to  the  primitive  form  than  the  Plaice,  which  has 
altered  in  this  chai-act^r  but  retained  the  othei-s?  Even  if  it  were  a 
case  of  balancing  tiie  mere  number  of  characters  which  had  altered  in 
these  groups,  we  should  decide  that  the  Plaice-gi'oup  was  more  akin 
to  the  pnmitive  form,  but  the  relative  importance  of  the  characters 
weighs  in  the  same  direction.  The  mouth  is  not  on  the  same  footing 
as,  for  example,  the  structure  of  the  pectoral  girdle,  the  position 
of  the  anterior  extremity  of  the  dorsal  fin,  or  the  structure  of  the 
olfactory  organ.  In  the  <liscussion  of  the  various  influences  that 
a  fleet  the  charjicters,  and  of  the  relative  importance  of  characters, 
it  will  be  shown  how  the  Tuibot-group  is  in  reality  more  specialised 
and  distant  than  the  Plaice-group  from  the  Halibut  and  thence  the 
primitive  stock. 

The  relative  positions  of  the  vaiious  bones  which  form  the  boundaries 
of  the  mouth — premaxilla,  maxilla,  and  mandible — as  well  as  the 
configuration  of  the  bones  which  form  the  palatine  and  hyomandi- 
bular  arches,  are  not  exactly  the  same  in  the  different  groups,  but  how 
far  the  <liflerences  are  geneiic,  how  far  only  specific  adaptations,  has  not 
yet  been  determined.  This  is  also  the  case  with  the  bones  forming  the 
gill-covers  and  the  hyoidetm  ai-ch  underneath.  There  are  certain 
ditterencos  present,  l>ut  they  are  overbalanced  by  the  general  resem- 
blances. Externally,  the  differences  with  regard  to  the  oi)ereular  bones 
are  most  marked  in  the  Sole-gi'oup.  In  this  the  bones  are  thin  and 
slender,  and  their  contoui^s  are  completely  hidden  by  the  thick  over- 
lying skin,  whilst  in  the  other  groups  the  skin  is  relatively  not  so  thick, 
and  the  contours  are  well  marked.  This  diflference,  which  can  be 
eorrehited  to  the  more  sand-loving  habits  of  the  Soles,  \\i\&  been  used 
by  Jordan  and  other  American  wi-iters  to  difTerentiate  this  group  from  the 
others.  It  is  not  the  sorfe  of  character  that  the  morphologist  would  lay 
stress  upon,  but  its  general  nature  makes  it  useful  t.o  the  systematist. 
Accompanying  it  is  another  impoiiiant  characteristic  of  the  Soles, 
namely,  the  almost  universal  development  of  a  **  snout "  anterior  to  the 
mouth.  This  was  employed  by  Giinther,  and  the  two  characters  taken 
together — signifying  as  they  do  a  definite  specialisation  in  liabits — fitly 
mark  the  separation  and  distinctiveness  of  the  Sole-gi*oup  from  the 
others. 

Cei-tain  other  external  differences  between  the  various  group.>  will  Ihj 
considered  under  separate  headings,  because  they  accompany  internal 
differences  in  organs  and  structures. 
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Nasal  Organ. 

The  nasal  organs  show  important  "differences  in  the  various  groups 
under  consideration,  even  superficially.  If;  the  animals  are  regarded 
from  in  front,  it  will  be  at  once  remarked  that  the  position  of  the  nasal 
organ  of  the  blind  side  relative  to  the  anterior  extremity  of  the  dorsal 
fin  is  not  the  same  in  all  the  groups.  These  differences  in  position  are 
related  to  the  varying  amounts  of  torsion  which  the  organ  of  the  blind 
side  has  undergone  during  the  migration  of  the  eye  of  that  side. 

In  most  species  of  the  Halibut-  and  Oithar us -groups  the  nasal  organ 
of  the  blind  side  lies  on  the  ridge  of  the  head,  i,e.  on  the  median 
longitudinal  line  of  the  body,  and  directly  in  front  of  the  anterior 
extremity  of  the  dorsal  fin  (Plate  XI.,  Fig.  2,  l.n.o.  and  D).  In  these 
forms  both  sides  of  the  mouth  are  equally  and  almost  symmetrically 
developed,  and  the  torsion  of  the  head  caused  by  the  migi'ation  of  the 
upper  eye  from  the  blind  side  has  thus  had  the  effect  of  turning  the 
nasal  organ  through  a  right  angle  independently  of  the  jaws,  which  have 
retained  their  original  positions.  The  dorsal  fin  does  not  come  so  far 
forward  in  these  as  in  the  other  groups,  so  that  the  position  of  the 
nasal  organ  has  been  determined  almost  solely  by  the  migi'ation  of 
the  upper  eye.  This  conclusion  Ls  corroborated  by  what  we  find  in  the 
Lesser  Halibut  (PlatyaomaMUhf/s  hippoglosaoides).  In  this,  the  jaws 
are  as  in  the  Halibut,  but  the  left  eye  does  not  complete  its  wandering 
to  the  upper  side.  It  rests  on  the  ridge  of  the  head,  and  associated 
with  this  the  corresponding  or  left  nasal  organ  remains  on  the  blind 
side,  although  close  to  the  ridge. 

In  the  Plaice-group,  the  mouth  is  small,  and  the  lower  side  is  much 
more  developed  than  the  upper.  There  is  thus  a  torsion  of  the  mouth 
downward,  and  hence  an  appai^ently  greater  relative  torsion  of  the  left  eye 
and,  with  it,  of  the  left  nasal  organ  upward,  from  the  blind  side  towaixls 
the  right  or  upper  side.  In  reality,  however,  the  nasal  organ  of  the  blind 
side  is  in  almost  exactly  the  same  position  as  in  the  groups  previously 
mentioned,  i.e.  it  is  on  the  median  dorsal  longitudinal  line  of  the  body 
(Plate  XL,  Fig.  I,  l.n.o.).  But  the  dorsal  fin  grows  forward  and  inclines 
towards  the  blind  aide  of  the  head  ivs  it  approaches  and  passes  alongside 
the  eye  of  that  side.  The  nasal  organ  of  the  blind  side  may  therefore 
be  said  to  be  on  the  upper  or  eyed  side  of  the  dorsal  fin  (Fig.  1,  D,  and 
l.n.o.).  In  some  cases,  e.g.  1\  cynoglosaua,  the  nasal  organ  in  quastion 
lies  obliquely  on  the  ridge  anterior  to  the  dorsal  fin. 

In  the  Turbot-group  the  mouth  is  symmetrical  as  in  the  Halibut-  and 
Citharus-groups.  There  is  consequently  no  torsional  influence  from 
this  side  on  the  position  of  the  upper  or  right  nasal  organ.  Hence  it  is 
curious  to  find  that,  though  the  toi*sion  of  the  eye  seems  to  be  more 
complete  here  than  in  the  other  groups,  yet  the  nasal  organ  is  not 
twisted  round  so  far.  This  difference  has  arisen  through  the  great 
development  anteriorly  of  the  dorsal  fin.  The  early  stages  in  develop- 
ment of  several  species  of  this  group  are  fairly  well  known,  and  it  has 
been  repeatedly  shown  (19,  26,  45)  that  the  dorsal  fin  grows  forward 
ere  the  emigrating  eye  has  had  time  to  pass  over  the  ridge  of  the  head. 
In  some  cases  the  anterior  extremity  of  the  fin  overhangs  the  eye  as  it 
passes  the  ridge ;  in  other  cases  the  eye  seems  to  pass  through  the 
tissues  of  the  base  of  the  fin  which  has  grown  so  far  forward.  It  is  not 
astonishing,  therefore,  that  the  dorsal  fin  should  prevent  the  complete 
torsion  of  the  nasal  organ  of  the  blind  side,  although  it  was  not  suc- 
cessful in  barring  the  way  to  the  eye.  Hence  we  find  that  the  nasal 
organ  is  on  the  blind  side  of  the  dorsal  fin  (Fig.  3,  r.n.o,  and  D). 

In  the  Sole-group  we  find  a  condition  of  things  which  almost  Boems 


of  the  Fishery  Board  for  Scotland,  339 

anomalous.  An  examination  of  the  skull  shows  that  the  distortion  of 
the  bones  caused  by  the  migration  of  the  eye  is  quite  as  complete  as  in 
the  other  forms,  yet  the  parts  in  connection  with  the  lower  nasal  organ 
display  no  trace  of  this.  Externally  we  see  that  the  organ  of  the  blind 
side  is  in  its  normal  position  (Fig.  4,  l.n.o.),  i.e.  in  a  similar  position  to 
that  of  the  eye  side.  It  lies  a  little  distance  from  the  extremity  of  the 
snout  above  the  maxillary  portion  of  the  mouth.  This  position  of  the 
nasal  organ  of  the  blind  side — which  is  practically  the  same  in  all  the 
species  of  Soleidae  examined — gives  rise  to  a  problem  somewhat  difficult 
of  solution  when  we  consider  that  the  Soles  are  descended  from  one  or 
perhaps  two  of  the  preceding  groups.  If  the  nasal  organ  of  the  blind 
side  in  those  groups  has  been  carried  upward  towards  the  ridge  of  the 
head,  how  has  it  come  about  that  it  remains  in  its  original  position  in  the 
Soleidae  ?  The  position  of  the  dorsal  fin  does  not  affoixl  an  explanation, 
because  the  development  of  the  fin  forwards  in  the  earlier  stages  of  the 
species  whose  development  is  known  is  just  the  same  as  in  the  Turbot- 
group.  It  may  be  that  this  organ  begins  to  function  very  early,  and 
that  the  underlying  structures  become  disconnected  from  the  parts 
which  are  affected  by  the  migration  of  the  eye.  This  is  a  problem,  how- 
ever, which  can  only  be  solved  by  a  comparative  study  of  the  changes 
in  structures  that  take  place  during  the  migration  of  the  eye. 

It  has  thus  been  shown  that  the  position  of  the  nasal  organ  of  the 
under  or  blind  side  diffei's  in  the  five  groups  mentioned.  It  is  probable 
also  that  these  respective  positions  will  be  the  same  for  the  species  that 
still  remain  to  be  examined. 

The  position  of  the  nasjil  organ  of  the  blind  side  would  thus  appear 
to  be  a  character  of  more  than  generic  importance.  In  the  first  four 
groups  its  position  depends  upon  the  relation  between  the  anterior 
extremity  of  tlie  dorsal  ^n  and  the  migi*ating  eye.  The  utility  of  this 
organ  is  nevertheless  probably  equal  in  all,  because  the  actual  position 
on  the  head  is  not  very  ditterent.  And  we  thus  have  an  example  of  an 
important  difference  arising  in  one  chai*acter  independently  of  utility 
on  account  of  relative  alterations  in  other  characters.  In  the  case  of 
the  Soleidae  the  position  of  the  organ  in  question  is  probably  connected 
with  its  utility.  Tiiis  character  is,  however,  of  minor  importance  in 
comparison  with  differences  in  the  internal  structure  of  the  nasal  organ 
to  be  now  described.  These  differences  have  been  alreatly  noted  by 
Bateson  (6),  but  as  he  examined  only  a  few  species,  it  apparently  did 
not  occur  to  him  that  they  were  of  great  import^xnce. 

In  the  Halibut-  and  Plaice-groups  it  is  found  that  the  olfactory 
laminse  run  parallel  to  the  main  axis  of  the  body.  The  sensory 
epithelium  is  simple  and  comparatively  sliglitly  developed,  the  lamina? 
being  but  little  raised  from  the  level  of  the  basal  suppoiting  membmne 
(Fig.  5,  O.O.).  In  the  Citharus-  and  Turbot-groups  the  epithelium  is 
more  developed  and  complex.  The  laminre  are  arranged  in  the  form  of 
a  rosette  about  a  median  rachis  which  runs  parallel  to  the  main  axis  of 
the  body.  The  laminie  are  therefore  disposed  transversely  to  this  axis. 
In  the  Sole-group  the  olfactory  organ  is  similar  to  that  of  the  Turbot- 
gi'oup,  but  is  not  so  distinctly  rosette -shaped.  The  lamina?  are  arranged 
about  a  median  rachis,  but  in  the  form  of  a  leaf  in  many  cares 
(Fig.  6,  o.o.) ;  in  other  cases  the  rtichis  extends  the  whole  length  of  the 
underlying  membrane,  and  the  laminje  are  ari'anged  bilaterally  along 
each  side.  In  the  genus  Solea  (Fig.  7)  the  rachis  of  the  sensory 
epithelium  lies  transversely  to  the  main  axis  of  the  body,  but  in  other 
genera  (e.g.  Ct/noglossas)  the  rachis  is  placed  longitudinally,  or  slightly 
inclined  to  the  longitudinal  axis  of  the  body.  In  the  groups  from  the 
Australasian  fauna,  Ehombosoleaj  etc.,  and  Brotchypleurat  the  olfactory 
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organ  is  siniilrtr  to  tliat  of  tlie  Halibut-  anil  Plaice-groups,  that  is  the 
laminae  are  arranged  parallel  to  the  longitudinal  axis  of  the  body. 

These  are  the  main  features  of  the  olfactory  organ  in  the  various 
groups  of  the  HeterosoincUa.  Sometimes,  however,  the  epithelium  is 
much  degenei-ated  and  the  number  of  laminae  reduced.  In  such  cases, 
e.g.  iScop)ufialmu8,  a  reason  can  usually  be  found  in  the  habits  of  species 
which  have  altereil  their  sand-loving  mode  of  life  to  some  other  where 
the  organ  of  smell  is  not  of  such  great  necessity.  The  main  features 
are  sufficiently  obvious,  however,  to  render  possible  generalisations  and 
thence  a  classification  based  upon  this  character. 

With  regard  to  the  nasal  sacs  which  have  been  described  in  a  pre>'ious 
paper  (34),  it  may  be  said  here  that  they  seem  to  be  special  adaptations 
and  are  of  little  importince  for  classificatory  purposes.  The  nasal  organ 
of  the  eyed  side  only  need  be  considered,  because  that  of  the  other  side 
is  distorted  by  its  relationship  to  the  dorsal  fin,  and  the  presence  of  one 
of  the  nasal  sacs  is  often  doubtful.  For  the  former  organ,  however,  the 
structures  are  quite  clear.  In  the  Turbot-,  Plaice-,  and  Halibut-groups 
there  ai-e  generally  two  nasal  sacs  attached  to  this  organ  (Figs.  5,6; 
l.n  s.,  r.n.s.).  In  the  Sole-group  only  one  is  usually  present  (Fig.  7,  n.s.). 
Exceptions  occur  in  some  of  the  groups,  however,  no  sacs  occurring  in 
sevei-al  forms,  e.g.  Lepidorhornhue,  Pardachiriia^  Bhanibosolea,  so  that  no 
very  great  importance  can  be  attached  to  this  character  for  the  purposes 
of  classification. 

Pectoral  Arch  and  Vextral  Fins. 

The  aiTangement  of  the  bones  of  the  pectoral  arch  in  the  Iletero- 
somata  corresponds  to  the  general  Acanthopterygian  type.  The  arch  is 
joined  on  to  the  skull  by  means  of  the  post-temporcd  (p.t.)  and  the 
sujyi'Cidavide  (s.c).  The  post- temporal  has  two  heads  for  articulation 
with  the  otic  region  of  the  skull  (a  and  a-,  Fig.  18,  Plate  XII.), 
the  upper  baing  joined  to  the  epiolic,  the  lower  to  tXid  ptsrotic.  Sometimes 
it  appears  as  if  this  bone  were  formed  from  two  separate  ossifications, 
since  it  readily  separates  into  two  portions  in  the  adult  (Fig.  19,  p.t. 
and  p.t.),  but  this  occurs  veiy  rarely.  The  clavicle  (cl.)  begins 
superiorly  as  a  stout  rounded  bone,  but  gradually  alters  its  form  as 
it  passes  the  line  of  attachment  with  the  sciipula  and  coracoid  and 
becomes  three-sided — two  sides,  external  and  internal,  meeting  in  a 
prominent  anterior  ridge,  whilst  the  third,  facing  posteriorly,  is  concave. 
This  concavity  is  more  marked  in  the  Turbot -group  than  in  the  Plaice- 
and  Halibut-groups,  because  it  continues  to  the  ventml  extremity  of  the 
clavicle,  whereas  in  the  latter  groups  it  gradually  decreases  until  along 
the  line  of  junction  of  the  one  clavicle  with  the  other  the  bone  presents 
only  two  surfaces,  the  one  facing  anteriorly,  the  other  posteriorly.  In 
the  Turbot-  and  also  the  Sole-gi-oup  the  pectoral  ai'ch  is  more  bent  or 
curved  anteriorly  than  in  the  Plaice  and  other  gi'oups  (see  Figs.  18, 
19,  and  20).  This  is  noticeable  externally  in  the  forward  curvature 
of  the  ventral  extremity  of  the  pectorjil  arch  in  the  Turbot-group, 
and  it  is  worthy  of  remark  that  Citharus  (Fig.  21)  approaches  more 
nearly  in  this  respect,  as  in  many  others,  to  the  Plaice-  and  Halibut- 
type  than  to  the  Turbot  {of.  Fig.  23).  This  curvature  of  the  clavicle  is 
connected  with  the  position  of  the  venti-al  fins. 

From  the  inner  face  of  the  clavicle  superiorly  arises  the  ]}08tclnvicle. 
This  is  not  definitely  fixed  to  the  clavicle  but  lies  loose  in  the 
dermis  between  the  muscles  and  the  skin.  It  extends  posteriorly  within 
the  w^all  of  the  abdominal  cavity  as  a  whip-like  bone  (Fig.  19,  p.c),  and 
probably  has  a  similar  function  with  regard  to  the  abdominal  wall  that 


of  the  Fisher  1/  Board  for  Scothtnd.  341 

the  biittens  in  a  lateen  sail  have  to  the  sail.  The  posiclavide  is 
present  in  the  Plaice-,  Halibut-,  Cith;»rus-,  and  Turbot-gronps,  but 
was  not  found  in  any  of  the  species  of  Soleida?  examined.  Cunningham 
in  his  "  Treatise  on  the  Sole  "  does  not  say  whether  this  bone  is  present 
or  absent. 

Along  the  internal  border  of  the  posterior  conoave  aspect  of  the 
ddviclej  the  plate  of  cartilage  which  gives  rivse  to  the  scajnda  and 
cwacoid  is  attached.  The  configuration  of  these  two  bones  is  very 
similar  in  all  the  gioups.  In  the  Turbot,  oidy  the  central  poi-tion  of 
the  upper  plate  has  become  ossified  to  form  the  scapula.  All  around  it 
is  aii-tilaginous,  even  the  "brachial  ossicles"  and  the  base  of  the  pectoral 
fin.  The  degree  of  ossification  is  greater  on  the  external  surface  of 
these  bones,  and  is  greater  on  the  upper  or  eyed  side  of  the  body  than 
on  the  under.  In  the  Plaice-  and  Halibut-groups  the  acapvla  and 
oo^'acoid  are  firmly  ossified  and  fused  together. 

The  co7'acoid  extends  downward  in  a  long  sty  1  if  or  m  process  which  is 
free  and  cartilaginous  at  its  lower  end.  The  relation  of  this  process  to 
the  davide  is  sometimes  of  great  importance  in  the  classification  of  the 
Teloostei,  but  in  very  few  groups  of  the  fljit-fishes  was  any  great  change 
noticed.  Sometimes  the  styliform  process  is  broadened  out  as  in 
Cithainis  (Fig.  21)  and  the  Soles  (Fig.  24),  sometimes  it  seems  to  be 
absent,  and  in  a  few  species  of  Soles  and  in  Tephritis  it  was  found  to  be 
attached  all  along  its  edge  to  the  davide. 

The  bones  w^hich  have  been  mentioned  do  noc  display  any  differences 
that  seem  of  importjince  for  the  purposes  of  chussification,  though 
presenting  many  variations  in  details.  The  case  is  different  with  the 
pMc  bones  and  position  of  the  ventral  fins.  The  pubic  arises  from  the 
lower  posteiior  suiface  of  the  clavicle,  and  may  be  divided  for  the  pui-pose 
of  description  into  two  portions.  The  portion  leading  down  from  the 
clavicle  is  club-shaped,  and  of  very  varying  length  in  different  species. 
It  ends  inferiorly  in  a  sharp-pointed  spine  (s.,  Figs.  18,  19),  which  is  of 
more  frequent  occurrence  in  the  Plaice-  and  Halibut-groups  than  in  the 
Turbot-group.  From  the  lower  third  of  this  club-shaped  bone  arises 
anteriorly  a  thin  triangular  lamina  (l.p.).  Sometimes  the  difference 
between  these  two  pra'tions  of  the  ptd/ic  bone  is  not  well  marked,  Jis  in 
the  Sole  group  and  individual  species  of  the  other  groups,  but  it  is  con- 
venient to  make  the  distinction.  In  addition  to  these  two  portions  there 
is  a  third  which  takes  the  form  of  lateral  wrings  near  the  line  where  tlie 
laminar  portion  arises.  They  are  prominent  iu  the  Turlwt  (Fig.  19,  s.p.), 
in  tlie  Plaice  they  are  compressed  alongside  the  laminar  portion 
(Fig.  18,  s.p.),  but  in  many  species  they  are  quite  absent.  These  minor 
differences  are,  however,  insignificant  in  comparison  with  the  changes 
in  the  position  of  the  pubic  bones  relative  to  one  another.  In  the 
Plaice-  and  Halibut-groups  the  pitbics  run  parallel  along  their  whole 
length.  This  is  also  the  case  in  the  Sole-group  when  the  ventral  fins 
are  symmetrical.  In  the  Turbot-gi'onp  we  find  that  the  club-shaped 
jwrtion  of  the  pubic  of  the  under  or  blind  side  tends  to  lie  behind  that 
of  the  upper  or  eyed  side.  In  Arnoylosaiis  (Fig.  23)  the  change  is  not  so 
marked,  but  in  the  Megrim,  Topknots,  and  Turbot  the  former  lies  com- 
pletely behind  the  latter.  In  Ciiharua  we  have  a  ti*ansition  to  what  is 
found  in  Aimoglosatta,  tlie  club-.shaped  portion  of  the  pubic  bone  of  the 
eyed  side  being  ouly  slightly  anterior  to  that  of  the  blind  side  (Figs.  21 
and  22). 

These  differences  with  regard  to  the  position  of  the  club-shaped 
poiiiions  of  the  pubic  bones  are  accompanied  by  differences  in  the 
structure  and  position  of  the  laminar  portions.  In  the  Plaice-  and 
Halibut-groups  these  lie  wholly  behind  the  base  of  the  davidea^  to  which 
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they  are  attjiched  by  a  strong  ligament.     The  venti'al  fins  are  attached 
to  the  bases  of  the  laminar  portions,  and  are  directed  posteriorly  (Fig. 
18).     In  the  Citharus-group,  we  find  a  similar  ari'angement  (Fig.  21), 
whether   the   ventral    fins    are    symmetrical — as   in    Paralichthi/Sf    or 
asymmetrical — as  in  Citharichlhi/s.  When  these  fins  are  asymmetrical,  the 
laminar  portion  of  the  pubic  bone  of  tlie  upper  or  eyed  side  Ls  attached 
to  the  base  of  the  clavicles  (Fig.  21,  v.l.).     In  the  Sole-group  when  the 
ventiul  fins  are  symmetrical,  the  clavicles  are  shoi-t  and  do  not   extend 
to  the  ventral  edge  of  the  body.     In  this  case  the  pubics  are  suspended 
from  near  their  base,  and   the  ventral  fins,  though   postenor  to  the 
davicleSy  have  no  direct  connection  thereto  (Fig.  24).     On  the  other 
hand,  the  Turbot-group,  as  already  noted  in  the  **  Scandinavian  Fishes  " 
(p.  426),  shows  a  remarkable  difference  from  the  above  groups  in  this 
respect.    Beginning  with  Amoglossua  (Fig.  23),  we  find  that  the  laminar 
portion  of  the  puhic  bone  of  the  eyed  side  is  continued  forward  anteriorly 
beyond  the  base  of  the  clavicles  by  a  cartilaginous  plate  (V.l.)*     That  of 
the  blind  side  has  no  cartilaginous  plate,  and  stops  short  at  the  base  of 
the  clavicles  (V.r.)     In  the  Turbots  this  cartilaginous  plate  is  present 
on  both  piibic  bones.     These  plates  are  closely  and  firmly  approximated 
to  one  another  on  their  inner  surfaces,  and  l)oth  extend  beyond  the  base 
of  the  clavicles  as  far  as  the  anterior  extremity  of  the  lower  prong  of 
the  urohyal  (Fig.  19,  u.).    According  to  the  description  in  the  work 
cited,  this    cjittilaginous  plate  is   a   part   of   the   triangularly-shaped 
laminar  portion  of  tlie  pubic.     This  is  not  exactly  the  case,  however. 
The  cartilage  is  suiTounded  by  an  outer  hard  layer,  but  one  can  readily 
detect  its  line  of  fusion  with  the  osseous  pubic  (Fig.  19,  c.V.  and  l.p.). 
The  I'ays  of  the  ventral  fins  arise  from  tlie  ventral  edge  of  the  cartila- 
ginous plates,  and  are  thus  morphologically  distinct  from  those  of  the 
previous   groups.     These   plates   further   have   no   attachment  to  the 
clavicles,  and  depend  solely  from  the  pubics  and  urohyal.'* 

The  presence  of  these  plates  of  cartilage  aflfords  a  prolonged  btise  of 
attachment  for  the  fin-rays,  and  we  consequently  find  that  in  this  case 
the  ventral  fin -rays  are  more  spread  out  and  thicker  than  in  the  groups 
where  the  cartilage  is  absent. 

When  only  one  cai-tilaginous  plate  is  develojied,  the  ventral  fin  of  that 
side  is  prolonged  anteriorly  much  in  advance  of  that  of  the  other  side. 
When  both  plates  are  developed,  the  rays  of  the  one  fin  alternate  with 
those  of  the  other  fin,  as  in  the  Turbot.  The  fin  which  is  anterior  is 
generally  that  of  the  upper  or  eyed  side,  but  according  to  the  American 
writers  the  reverse  is  the  case  in  Uetnirhomhus  {Syacium). 

These  differences  of  internal  structure  in  the  various  groups  show 
themselves  in  marked  differences  exteimally .  In  the  Plaice-  and  Halibut- 
groups,  as  also  in  the  genus  >SW«a,  the  ventral  fins  are  symmetrical  with 
regard  to  one  another  and  to  the  ventral  line  of  the  body.  In  the 
Turbot-group  they  are  clearly  asymmetrical.  In  CithaitiSf  with  its  allies 
Citharichthys  and  Ileini  rhomb  us ,  the  ventral  fins  are  also  asymmetrical, 
but  it  is  neccFsary  to  note  an  important  difference  between  this  asym- 
metry and  that  of  the  Turbot.  In  the  former  the  cai-tilaginous  plate  is 
absent  and  the  tins  are  both  behind  the  base  of  the  clavicles  (Fg.  21),  in 
the  latter  the  reverse  is  the  case.  The  ventral  fins  in  these  two  groups 
are  therefore  morphologically  distinct  in  spite  of  the  asymmetry  being 
present  in  both,  and  this  important  difference  gives  a  means  of  forming 
a  new  sub-family  of  the  flat-fishes  with  Citharus  as  the  type. 

*  Cunningham  (9)  has  pn)ix)sed  to  call  this  bone  jugular^  because  of  its  remote  position 
from  that  usually  occupied  by  the  urohyal.  Altliough  its  form  and  position  are  not 
the  same,  yet  its  relationships  are  similar — iu  that  it  is  a  median  bone  iu  line  pos- 
teriorly with  the  glossohynly  fonning  the  isthmus  between  the  branchial  cavities  and 
connecting  the  pectoral  arch  with  the  hyoid  bones.  One  is  therefore  justified  in  calling 
it  the  urmyal. 
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The  bone  in  front  of  the  clavicle  to  which  the  laminal  cartilage  of  the 
ventral  fins  in  the  Tiirbot-group  is  attached  requires  special  mention, 
as  it  seems  to  have  a  special  importance  in  the  flat-fishes.  Its  form  is 
that  of  a  two- pronged  fork,  the  base  of  which  rests  on  the  clavicle,  the 
upper  prong  passing  forward  into  the  substance  of  the  tongue,  and  the 
lower  shorter  fork  bending  obliquely  downward  and  forward.  In  the 
Turbot-gi'oup  this  latter  prong  is  directly  connected  with  the  ventral 
fins,  in  the  other  gi*oups  mentioned  above  it  has  no  such  connection,  but 
a  ligament  passes  from  its  end  to  the  end  of  the  clav^icle  anil  thence  to 
the  base  of  the  venti-al  fin.  It  would  seem  to  have  an  important 
physiological  significance,  more  especially  in  the  Turbot-group,  where  the 
bone  is  larger  than  in  the  other  groups.  It  acts  as  a  lever,  the  clavicle 
acting  as  fulcrum,  so  that  any  movement  of  the  fins  which  aflfects  the 
lower  prong  will  also  affect  the  upper,  and  thence  also  the  tongue  and 
branchiostegal  apparatus,  the  size  of  the  mouth  being  thus  aflfected.  It 
is  interesting  to  note  further  that  in  the  specialised  rhomboid -forms, 
the  Topknots,  the  ventral  fins  are  relatively  nearer  the  mouth  than  in  the 
other  forms,  and  this  is  connected  with  the  moi'e  anteiior  position  of 
the  pubic  bone  (Fig.  20).  The  habits  of  these  forms  are  also  specialised, 
for,  as  shown  by  Cunningham  and  others,  these  fish  swim,  or  rather  hang 
suspended  in  a  vertical  position,  amongst  the  seaweed  or  rocks,  and  may 
use  the  ventral  fins  to  keep  themselves  in  position. 

Vertebral  Column  and  Alimentary  Canal. 

The  formation  and  ari*angement  of  the  vertebrae  and  vertebral  pro- 
cef^ses  furnish  important  evidence  of  affinities  within  the  various  groups 
of  flat-fishes,  much  more  so  than  in  the  round -fishes.  The  vertebrie  are 
divided  into  two  classes — abdominal  and  caudal,  the  differences  between 
whi'*h  are  generally  well  marked.  The  former  possess  certain  processes 
projecting  laterally  and  ventrally  on  each  side,  and  called  parapophi/ses 
by  Giinther,  to  which  primary  and  secondary  ribs  are  attached.  In  the 
caudal  region  the  parapojyhyses  have  joined  ventrally  to  form  the 
kftTnapophi/seSy  which  resemble  gi'eatly  the  neurapophyaes.  According  to 
Giinther,  the  abdominal  region  ends  and  the  caudal  region  begins  with 
the  first  vei-tebni  bearing  the  ha'mapophyses. 

This  distinction  between  the  vertebiw  applies  generally  amongst  the 
round-fishes,  and  also  in  the  leiist  specialised  of  the  flat-fishes,  i.e.  in  the 
Halibut-  and  Plaice-groups.  The  abdominal  vert^bm,  in  addition  to  the 
neurapophyses,  is  provided  with  ventrally  projecting  parapophysa*?,  to 
which  are  attached  the  primary  {cf.  Fig.  11,  p.r.)  and  secondary  ribs 
(K.r.).  The  secondary  ribs  are  short,  and  arise  from  the  anterior  verte- 
brte.  The  primary  ribs  are  long,  and  exten<l  posteriorly  and  ventrally, 
those  of  the  posterior  alxloniinal  vertebrae  rejiching  as  far  as  the  first 
interha?mal  spine.  This  spi^^e  lies  along  the  anterior  surface  of  the 
fi i*st  haemal  process,  and  thus  corresponds  to  the  beginning  of  the  caudal 
vertebi-a*.  These  latter  have  the  oi'dinary  structure,  and  are  usually 
provided  with  more  or  less  prominent  transvei*se  processes. 

A  similar  disposition  of  the  vertebne  is  found  in  the  Turbot,  but  its 
other  characters  show  this  form  to  be  highly  specialised,  and  it  is 
probable  that  this  disposition  has  arisen  secondarily,  i.e.  hixa  reappeared 
after  passing  through  a  certain  transitional  stage.  The  reason  for  this 
statement  is  that  the  forms  which  stand  between  the  Turbot  and  the 
most  primitive  group  of  flat-fishes  have  a  diflferent  arrangement  of  the 
vertebrae.  In  these,  Citharxis,  AriiogloasiLS,  and  RhomboidickthySy  the  last 
three  to  six  abdominal  vertebrae  bear  short  haemapophyses  and  trans- 
verse processes  (Fig.  11),  which  replace  the  panipophyses  and  primary 
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ribs.  The  secondary  ribs  arise  from  the  transverse  processes  or  the 
neural  arches.  Beginning  from  the  second  abdominal  vertebra — some- 
times they  appear  to  be  present  on  the  first,  they  arise  from  the  neuitil 
arches,  then  their  points  of  origin  pass  on  to  the  centrum,  until  on  the 
seventh  or  eighth  vertebra  they  arise  from  transverse  processes  which 
are  placed  more  to  the  ventral  than  dorsal  surface  of  the  vertebra.  In 
Cithancs,  the  secondary  ribs  are  continued  on  to  the  caudal  vertebrae. 
This  disposition  of  the  vertebrae  was  remarked  by  Costa  (8)  in  Rhomboid- 
iduhi/s,  and  he  classified  them  into  three — cei*vical,  dorsaly  and  caudal, 
by  analogy  with  the  terms  employed  for  higher  vertebi-ates.  These 
terms  are  obviously  misleading,  because  we  should  then  have  ribs  on  the 
cervical  vei-tebra*,  and  it  is  better  to  call  the  vertebra?  which  form  the 
doi-sal  wall  of  the  aMominal  cavity  al)dominal,  and  to  subdivide  them 
when  necessary  into  those  with  hsemapophyses  and  those  without. 

According  to  GUnther's  definition  (21),  the  caudal  region  would  begin 
with  the  first  vertebra  which  l>ears  the  luemapophyses.  According  to 
this  the  abdominal  cavity  in  the  above  species  would  be  limited  to  the 
first  four  to  six  vertebra*  from  the  skull,  whereas  it  is  in  reality  pro- 
longed much  further  back.  A  letter  sign  of  the  delimitation  of  the 
abdominal  cavity  and  of  the  commencement  of  the  caudal  vertebne  in 
the  alx)ve  species,  as  in  the  gi'oups  previously  mentioned,  is  the  first 
interha?mal  spine.  This  is  large,  and  forms  the  posterior  boundary  of 
the  abdominal  cavity. 

A)*noylo8m(^  and  RhoinhoidiefUhya  form  a  good  example  of  the  value  of 
this  character  for  classificjition.  Formerly  these  were  separated  from 
one  another,  and  Anioglossus  was  considei'ed  to  be  more  closely  related 
to  Le/ndm'hombua  (13).  More  recently  (50)  the  latter  has  been  placed 
along  with  the  Topknots,  and  the  two  former  brought  close  together 
under  one  genus  {Platoj)hri/8),  in  spite  of  tlie  great  external  dififerences 
between  them.  As  mentioned  above,  Aimoglos^ms  and  Rhonihoidichthya 
have  a  similar  arrangement  of  the  vei-tebra?.  Lepid(yrhoinhus,  on  the 
other  hand,  is  like  the  Turbot  and  Topknots  in  this  character,  and  is 
therefore  widely  removed  from  the  two  foimer.  In  another  important 
character,  viz.  the  ventral  fins,  Anwglossus  and  RhomhoidichOiys  are 
also  connected  and  diflferent  from  the  other  genera  of  the  Turbot-group, 
so  that  their  characters  are  very  clear  and  definite. 

The  airangement  of  the  vertebra?  which  is  found  exceptionally  in  the 
Turbot- gi-oup  becomes  the  rule  in  the  Sole-group.  Both  in  the  Cyno- 
gloBBxwi'  and  the  true  Soles,  all  the  species  examined  showed  the  hiPma- 
pophyses  in  the  abdominal  vertebrje.  These  hi^mupophyses  are  rela- 
tively much  short.er  than  those  of  the  caudal  vertebra?,  and  in  Solea  (Fig. 
9)  there  is  a  gradual  transition  from  the  one  to  the  other. 

In  addition  to  the  differences  in  the  fonnation  of  the  abdominal 
veiiiebrap  in  the  various  groups,  there  are  also  unportiint  differences  in 
other  characters  connected  with  the  abdominal  cavity.  The  first  inter- 
hfemal  spine  which  forms  its  posteiior  boundary  is  large  and  strong  in 
the  Plaice-  and  Halibut-groups,  extending  in  a  groove  along  the  first 
spine  almost  to  the  centrum  of  the  first  caudal  vertebra.  The  outer 
end  of  this  spine  is  very  sharp,  and  may  even  project  through  the  skin. 
This  character — the  presence  of  an  **anal  spine"  — is  employed  by  Giinther 
and  the  American  writers  as  a  specific  character,  but  the  appearance  of 
the  spine  externally  may  depend  greatly  on  the  condition  of  the  speci- 
men. Thus  Giinther  declares  that  there  is  no  anal  spine  in  the  Long 
Rough  Dab  (D.  platessoidta),  whereas  the  American  writers  say  there  is. 
The  latter  again  declare  that  P.  cynoglossvs  has  an  anal  spine,  whilst 
P.  mic7'oc€phalu8  lacks  it,  and  both  they  and  Giinther  state  that  there 
is  no  anal  spine  in  the  Halibut.     As  a  matter  of  fact  the  first  inter- 
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haemal  spine  is  strong  and  well  developed  in  all  these  species,  and  the 
appearance  of  the  outer  point  externally  Cimnot  be  relied  upon. 

In  the  Citharus-  and  Turbot-groups  the  first  interhnpmal  spine  is  also 
large  and  well  developed  (Fig.  8),  but  in  Hho^mhoidichihtja  it  extends  only 
half-way  along  the  hajmal  spine,  and  in  Citharus  but  a  little  fui*ther. 
The  outer  end  of  the  interhaemal  spine,  however,  lias  some  distance 
within  the  skin,  and  is  continued  forward  by  pai-tly  ossified  plates  of 
cartilage  (Fig.  8,  c),  from  the  ventral  edge  of  which  the  interspinous 
rays  arise  which  support  the  anterior  rays  of  the  anal  fin.  There  can 
be  no  chance,  therefore,  of  an  "  anal  spine  "  appearing  externally.  In 
the  Sole-group  (Fig.  9,  i.s.)  the  first  interhaemal  spine  is  much  reduced, 
and  arises  from  near  the  end  of  the  first  hpemal  spine.  In  place  of  the 
one  interhfemal  spine  of  the  previous  groups,  in  the  Sole-gi'oup  there 
are  four  or  five.  These  are  not  prominent  externally,  and  thus  present 
no  anal  spine. 

The  remaining  groups  of  the  flat-fishes,  those  of  the  Australasian  fauna, 
have  not  yet  been  so  carefully  examined  with  regard  to  these  characters. 
In  Rhombosolea  and  Brcichypleura  the  arrangement  of  the  various  struc- 
tures is  the  same  as  in  the  Sole-group ;  the  last  foiu*  to  six  abdominal 
vei-tebne  bear  h«mapophyses,  and  the  first  interha?mal  spine  is  slender 
and  little  developed.  It  is  most  probable  that  this  arrangement  is  the 
same  in  the  other  forms,  Ammoiretia  and  Peliorhamphua,  because  the 
external  configuration  of  the  abdominal  cavity  is  similar. 

It  appears,  thei*efore,  that  the  presence  of  hiemapophyses  on  the 
abdominal  vertebra?  is  a  valuable  character  for  displaying  afliuities. 
These  are  found  universally  amongst  the  Soleidse,  and  in  cei*tain  genei'a 
of  neighbouring  groups.  From  their  presence  in  the  latter  we  may 
conclude  that  these  genera  have  a  certain  relation  to  the  Soleidte  closer 
than  that  passessed  by  the  remaining  genera  of  the  same  groups. 

An  example  has  already  been  given  of  the  utility  of  this  for  purposes 
of  classification.  When  more  geneiu  of  the  Citharus-group  have  been 
examined,  this  character  may  again  be  of  use  in  aiding  to  subdivide  this 
group.  It  also  aids  in  difterentiating  the  group  of  flat-fishes  in  the 
Australasian  fauna  from  the  Plaice-,  Halibut-,  and  Turbot-gi'oups  within 
which  they  were  foiineily  placed. 

With  regard  to  the  alinieittcu^y  canal,  the  diflerences  found  in  the 
various  groups  are  connected  with  two  characters  :  the  intestine — its 
increase  or  decrease  in  length,  and  the  pyloric  ca*ca — their  presence  or 
absence.  The  increase  in  length  of  the  intestine  is  chiefly  well-marked 
in  the  Sole-group  and  in  one  or  two  forms  which  in  some  way  resemble 
the  Soles,  e.g.  the  Lemon -sole  (P.  microcephalua).  In  these,  two  to  four 
coils  of  the  intestine  lie  along  the  interhjemal  spines  of  the  eyed  side, 
within  the  secondary  body-cavity,  which  contains  also  the  reproductive 
organ  of  that  si«le.  This  occurs  in  many  other  forms,  e.g.  Phomboidichthys, 
Plaice,  etc.,  but  not  to  the  same  extent,  the  intestine  merely  projecting 
into  the  second  body-cavity.  It  may  be  that  the  projection  of  the 
intestine  into  the  latter  cavity  has  the  advantjige  of  protecting  the 
kidney  from  injury.  In  the  Sole-group,  for  example,  owing  to  the 
presence  of  h/tmapophyses  on  the  posterior  abdominal  vertebrje,  the 
primary  aMominal  c^ivity  is  very  small,  and  some  compensation  for 
this  is  therefore  neces.«ary.  In  the  Lemon-sole,  although  h^tinapophyaes 
are  not  present  on  the  abdominal  vertebra*,  the  increase  in  length  of  the 
intestine  alone  has  rendered  it  necessary  apparently  to  have  more  room 
than  the  primary  abdominal  cavity  can  give.  On  the  other  hand,  this 
compensation  may  be  obtained  by  the  reduction  in  length  of  the  intestine. 
Such  is  found  in  Citharus,  for  example,  where  the  posterior  abdominal 
vertebrae  bear  htemapophyses,  but  where  the  intestine  is  very  short. 
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As  an  additional  protection  to  the  kidney  in  CithaniSy  we  find  that  the 
primary  ribs  of  the  abdominal  vertebiae  anterior  to  those  bearing 
hmnapophyses  are  prolonged  greatly  posteriorly  and  ventrally  over  the 
hannapoj)hi/8es  and  enclase  the  kidney. 

Til  is  character  very  evidently  marks  a  specialisation  in  structure  and 
habits  and  cannot  be  used  in  classification.  Such  is  the  case  also  with 
the  pyloric  cceca.  As  mentioned  by  Sagemehl,  these  vary  in  a  strange 
an*l  at  present  unaccounted-for  manner  even  in  such  as  the  Clupeida* 
and  Salmonidje.  In  the  Hetefosomata  four  seems  to  be  the  maximum 
number,  but  there  may  be  none  at  all.  In  the  Plaice-group,  two,  three, 
or  four  may  be  present ;  four  are  found  in  the  Halibut,  Rhomhoidichihys, 
and  Pseud (yi'hoinbus;  whilst  none  are  found  in  Psettodes^  Bhoniboeolea,  and 
possibly  many  more.  F,  cynogloaaiis,  on  the  other  hand,  is  similar  to  the 
Plaice  in  this  respect.  The  only  group  in  which  this  chai'acter  seems  to 
be  constant  is  that  of  the  Soles,  and  here  there  are  none  at  all.  As 
these  coeca  are  in  most  cases  small  it  is  sometimes  difficult  to  say 
whether  slight  protuberances  or  swellings  on  the  intestine  ai*e  worthy 
to  be  called  cieca  or  not,  and  this  occurs  in  CithnHchthya,  ParophrySy 
Bradiypleuray  and  possibly  many  more.  These  seem  to  represent  the 
ti'ansition-stages  between  the  presence  and  absence  of  the  oeca. 

Hypural  Elements. 

The  terms  by  which  the  bones  of  the  postenor  region  of  the  vertebral 
column  are  described  have  been  fixed  by  Huxley  (25).  The  broad  fan- 
shaped  bone  continuous  with  the  vertebral  column  is  the  hypural  bone 
(hy.^,  Figs.  13-16).  Dorsal  and  ventral  to  this  are  two  bones  which  are 
very  similar  in  appearance,  but  very  dissimilar  in  their  relation  to  other 
structures.  The  dorsal  wedge-shaped  bone  has  developed  in  connection 
with  the  uroatyle,  the  ossification  which  supersedes  the  termination  of  the 
notoc^hord,  and  is  dorsal  to  it,  a«  is  shown  clearly  in  the  case  of  the  Sole 
(Fig.  16),  Hence  this  should  be  called  the  epivrcU,  according  to 
Huxley's  terminology.  The  ventral  wedge-shaped  bone  has  no  such 
relations,  however,  and  is  not  dignified  by  any  other  name  than  hypural, 
but  in  order  to  distinguish  it  from  the  above  it  may  be  called  the  seccnd 
hypural  (hy.^).  The  relationships  of  these  bones  to  one  another,  and  to 
the  spines  of  the  second-last  vertebra,  aie  not  always  the  same  in  the 
various  gi'oups  of  flat-fishes.  The  fan-shaped  hy[)ural  l)one  in  the  adult 
is  divided  into  two  portions  which  ni:iy  bo  quite  separate  from  one 
another,  but  are  as  a  rule  joined  by  a  thin  connecting  layer  of  bone. 
The  mark  of  division  is  not  quite  in  the  median  line,  but  inclines 
slightly  downwards,  so  that  the  ventml  portion  is  smaller  than  the 
dorsal.  The  distal  end  is  marked  by  furrows  and  ridges — the  latter 
being  in  line  with  the  caudal  fin-rays,  whilst  the  furrows  pass  backward 
towards  the  centrum  of  the  last  vertebni  to  a  varying  extent,  some 
going  almost  the  whole  length,  others  only  a  little  way.  The  fuiTOWs 
are  ossified  superficially  only,  the  internal  structure  being  cni-tilaginous, 
SO  that  a  large  amount  of  flexure  is  jwssible.  The  second  hypui-al  and 
the  epiural  aie  similarly  furrowed. 

The  number  of  ridges  and  furrows  varies,  of  course,  in  the  different 
species,  but  if  only  the  Plaice-,  Halibut-,  Citharus-,  and  Turbot-groups  be 
considered,  it  will  be  seen  that  there  is  no  essential  diflference  between 
them.  According  to  Sauvage  (47),  three  types  or  three  forms  of  hypural 
structures  were  to  be  found  in  the  flat-fishes — the  one.  Plaice-  or 
Pleuronectid-type,  in  which  the  hypural  bones  were  completely  ossified  ; 
another,  Turbot-type,  in  which  the  hypural  bones  were  divided  into 
separate  rays  to  support  the  caudal  fin-rays ;  and  a  third  type,  in  the 
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Soles,  in  which  the  rays  were  only  partially  united.  It  was  remarked 
by  him  also  that  the  appeai-ance  of  the  flat-fishes  in  the  geological 
records  corresponded  with  these  differences.  The  Turbot-group  with 
free  supporting  rays  appears  first  in  the  Tertiary  period,  the 
Solea  next,  whilst  the  Plaice-group  is  essentially  modern.  Such  a 
correspondence  would  be  of  great  interest,  suggesting,  as  was  pointed  out 
by  Sauvage,  the  possible  lines  of  dascent ;  but  it  does  not  seem  possible 
to  retain  the  distinctions  made.  All  the  species  of  the  Turbot-group 
which  have  been  examined  resembled  those  of  the  Plaice-  and  Halibut- 
groups  in  having  the  hypurals  as  ossified  plates  and  not  composed  of 
separate  rays.  In  some  cases,  indeed,  e.g.  the  Turbot  itself  (Fig.  14),  the 
hypurals  and  epiural  are  fused  into  one  piece,  where  ordinarily  they  are 
di\ided  into  three  (Fig.  13,  ep.,  hy.^,  hy.^).  When  dried  specimens  are 
examined,  however,  the  ossification  along  the  furrows  shrinks 
considerably,  because  the  internal  tissue  is  cartilaginous  along  these  lines, 
and  the  ridges  become  more  prominent.  The  only  explanation,  there- 
fore, of  the  facts  described  by  Sauvage  is  that  he  has  examined  dried 
specimens  of  the  Turbot,  and  possibly  spirit  or  fresh  specimens  of  the 
other  species.  These  furrows  contract  within  a  few  hours,  if  left  to  dry, 
and  also  in  spirit  to  a  certain  extent,  so  that  it  is  advisable  to  make 
comparisons  with  specimens  which  are  under  similar  conditions. 

The  bones  composing  the  element  supporting  the  caudal  fin-rays  are 
made  up  chiefly  by  the  three  already  mentioned,  but  two  or  even  three 
others  may  also  take  part.  The  neural  and  haemal  spines  of  the  second- 
last  vertebra  aid  invariably  in  the  groups  mentioned  in  supporting  the 
caudal  fin-rays.  Sometimes  they  seem  to  be  furrowed  like  the  hypurals, 
but  this  has  probably  arisen  from  the  fusion  of  a  separate  and  secondary 
ossification  with  the  true  spine,  as  shown  in  the  drawings  of  Soles  and 
Turbot  (Figs.  14  and  15).  Sometimes  the  hsemal — but  not  the  neural — 
spine  of  the  third-last  vertebra  also  develops  so  far  posteriorly  as  to 
support  the  first  ray  of  the  caudal  fin  on  the  ventral  side.  The  extra 
development  of  this  spine  over  that  of  the  corresponding  dorsal  makes 
up  for  the  greater  relative  development  of  the  dorsal  half  of  the  fan- 
shaped  hypural,  and  makes  the  number  of  fin-rays  equal  on  both  sides 
of  the  median  line. 

The  basal  elements  of  the  caudal  fin  are  thus  essentially  the  same  in 
the  Plaice-,  Halibut-,  Oitharus-,  and  Turbot-gix)ups,  and  this  might 
have  been  expected  beforehand  from  a  survey  of  the  other  parts  of 
the  skeleton.  In  comparison  with  the  Soles,  the  skull  and  body- 
skeleton  of  these  groups  are  massive,  and  the  movements  and  habits 
of  the  animals  consequently  require  a  strong  and  powerful  tail, 
and  thus  a  strong  supporting  structure.  In  the  case  of  the  Soles,  the 
skeleton  is  not  so  massive,  nor  do  the  animals  grow  to  the  same  size  as 
in  the  other  gi'oups.  We  thus  find  in  them  a  transition  to  a  totally 
different  type  of  structure.  In  the  true  Soles  (Fig.  16)  there  is  little 
apparent  difierence  superficially  from  the  Turbot  and  other  groups. 
The  hypurals  are  marked  by  fun-ows  and  ridges,  and  the  spines  of  the 
second  and  third  last  vertebra?  also  take  part  in  supporting  the  caudal 
fin-rays.  But  the  urostyle  (Fig.  15,  u.)  remains  short  and  distinguish- 
able from  the  epiural,  wheretis  in  the  previous  forms  it  was  indistiuguish- 
able.  This  decrease  in  size  of  the  urostyle  becomes  greater  in  the  more 
specialised  genera  of  the  Sole-group,  and  is  accompanied  by  a  reduction 
in  the  hypural  bones,  until  in  the  most  specialised,  as  in  Ammoplev/ropa 
(Fig.  17)  and  Cynoglossiis,  we  obtain  a  semblance  of  the  diphycercal 
tail.  How  this  change  has  taken  place — whether  the  posterior  vertebrae 
in  such  as  Ammopleurops  (Fig.  17)  are  not  really  liomologous  to  vertebrae, 
but  have  arisen  from  modifications  of  the  hypural  elements,  or  whether  the 
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primitive  notochord  proceeds  to  the  extremity  of  the  caudal  region  as  in 
the  true  diphycereal  tail — it  is  impossible  to  say  until  the  developmental 
stages  are  examined.  If  the  former  were  the  case,  however,  we  should 
expect  to  find  some  evidence  of  the  urostyle  amongst  the  posterior 
vertebrsB,  but  there  is  no  trace  of  it.  Hence  we  should  be  inclined  to 
believe  that  the  true  form  of  the  diphycei*cal  tail  reappears  again 
through  convergency.  The  gradual  transformation  which  is  undergone 
by  the  urostyle  is  evidence  for  this  view.  Only  one  stage  is  here  repre- 
sented, that  in  Soles  (Fig.  15,  u.),  but  an  analogous  phenomenon  is  found 
amongst  the  eels.  Ryder  (46),  in  his  treatise  on  this  subject,  gives  a 
drawing  (Plate  IV.,  Fig.  4)  of  the  caudal  region  of  the  Common  Eel, 
which  might  well  represent  a  further  stage  in  the  specialisation  of  the 
fiat-fishes  to  that  shown  here  in  Soles.  The  end  of  the  notochord  is 
only  slightly  bent  up,  and  is  almost  in  line  with  the  other  vertebrae. 
The  diphycereal  form  is  obtained  further  in  Murcena,  which  may  be 
compared  with  Ammopleuropa  and  Cynoglossua  amongst  the  flat-fishes. 
It  is  possible,  therefore,  that  we  should  call  the  last  degree  of  specialisa- 
tion in  these  fishes  the  true  diphycereal  form,  and  not  '*  pseudodiphy- 
eercal "  as  was  formerly  suggested. 

The  development  of  the  caudal  region  in  the  flat-fishes  has  been 
described  by  Agassiz  (4),  M'Intosh  and  Prince  (38),  and  other  writers, 
but  for  somewhat  earlier  stages  than  those  required  for  the  present 
purpose.  It  seems  clear,  however,  that  Cunningham's  view  that  the 
hypural  bone  represents  the  ventral  spines  of  a  nimiber  of  vertebrae 
fused  together  (9,  p.  39)  is  quite  erroneous,  and  that  the  conclusions  of 
Huxley  (28)  and  Ryder  (46)  for  other  forms  hold  good  also  for  the  flat- 
fishes. In  Fig.  1 6  is  shown  a  drawing  of  the  posterior  caudal  region  of 
a  post-larval  Sole  13mm.  in  length.  The  hypural  elements  which  later 
develop  into  the  fan -shaped  bone  (Fig.  15,  hy.*)  are  not  yet  fused 
together,  but  appear  as  four  separate  and  distinct  plates.  Their  form 
and  position  show  that  they  rather  correspond  to  interspinous  elements 
than  to  haemal  spines.  Inasmuch  as  they  fuse  later,  however,  to  the 
base  of  the  urostyle,  and  support  distally  the  caudal  fin-rays,  we  may 
accept  Huxley's  conclusion  that  they  are  really  composed  of  both 
haemal  and  interhaemal  elements. 

From  the  foregoing  description  of  the  caudal  region  it  will  be  con- 
cluded that  the  diverse  forms  and  changes  in  structure  which  are  found 
amongst  the  flat-fishes  may  be  of  use  as  showing  various  stages  in 
speciaL'sation,  and  thus  of  showing  affinities  between  species  in  certain 
groups,  but  do  not  aid  in  the  general  work  of  classification,  as  was 
imagined  by  Sauvage.  Only  with  the  Soleidoe  do  they  become  of  such 
use,  because  in  the  other  groups  the  form  and  structure  of  the  caudal 
region  are  essentially  the  same,  and  even  in  the  Soleidoj  so  little  is  yet 
known  of  the  intermediate  stages  between  the  true  Soles  and  such  as 
Cynoglossus  that  no  classification  based  on  this  character  could  be 
proposed. 

Chabaotebs  of  Most  Importance  fob  Classification. 

We  may  once  again  pass  under  review  briefly  the  characters  which 
have  just  been  described,  in  order  to  consider  their  respective  merits  for 
the  purposes  of  classification.  Only  those  which  gave  promise  of  being 
of  impoi-tance  have  been  mentioned  here,  and  the  choice  of  characters 
is  therefore  not  a  large  one.  In  a  work  such  as  this,  further,  which 
endeavours  to  group  the  various  genera  according  to  their  natural 
affinities,  it  is  self-evident  that  not  one  character  alone  but  several 
must  be  chosen.  So  long  as  the  number  of  species  known  was  rela- 
tively small,  and  classifiers  wished  to  have  some  external  chaiucter  or 
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characters  which  would  enable  them  to  locate  readily  any  new  specimen 
which  came  to  hand,  a  classification  based  on  one  chiiracter  was  for  the 
most  part  sufficient  and  satisfactory.     The  aim  of  the  classifier  was  then 
to   find   out  that  external  character  which  most  clearly  marked   off 
one  group  consisting  of  many  species  and  genera  from  another  such 
group,  and  it  has  already  been  mentioned  that  no  wider-reaching  or 
more  general  external  character  could  have  been  found  for  the  separa- 
tion of  the  Heteroaomaia  into  groups  than  that  chosen  by  Gunther, 
namely,  the   size  and  structure  of  the  mouth.     Even  this,  however, 
shows  the  weakness  of  a  one-character  classification,  because  the  Soles 
had  to  be  left  to  one  side  as  an  ill-defined  heterogeneous  group  con- 
taining both  small-  and  large-mouthed  species.    Other  similar  classifica- 
tions sufier   from   similar  defects.       The    best    classification    of  the 
ffeterosomcUa  hitherto — that,  namely,  of  Jordan  and  his  collaborators — 
chooses  the  symmetrical  or  asymmetrical  position  of  the  ventral  fins 
with    respect  to  the   median   ventral   line   of  the  body  as  the  chief 
character  differentiating  the   Turbot-  from   the  Halibut-  and  Plaice- 
groups.     But  it  has  already  been  shown  in  this  paper,  and  it  will  be 
refen*ed  to  again  later  when  discussing  the  various  groups,  how  this 
external    difference  —  viz.,   symmetry   or  asymmetry — depends  upon 
certain  differences  in  the  arrangement  of  the  underlying  structures, 
and  how  there  are  various  intermediate  stages  from  the  one  arrange- 
ment to  the  other  ;  so  that  a  form,  e,g,  CithartLSf*  may  have  the  ventral 
fins  slightly   asymmetrical  and   yet  be   more   nearly   related    to   the 
symmetrical  group  of  flat-fishes.     Hence,  even  with  this  character,  we 
soon  stumble  upon  difficulties.     The  Plaice-  and  Halibut-groups  are  cer- 
tainly well  marked  off  from  the  Turbot-  and  all  three  from  the  Sole- 
group  by  its  means,  but  a  difficulty  arises  when  we  wish  to  find  the  limit 
between  the   Halibut-  and  Turbot-groups.      All   intermediate   stages 
from  the  symmetrical  condition  of  the  Halibut-  to  the  asymmetrical  of 
the  Turbot-group  are  present,  and  we  should  be  quite  at  a  loss  in  fixing 
the  limit  between  them,  even  though  the  representative  species  in  the 
intermediate  stages  are  few  in  number,  if  we  could  not  call  in  the  aid 
of  another  character.     This  further  character  is  the  form  and  structure 
of  the  olfactory  epithelium.      By  means  of  this  character  the  Halibut- 
group  is  even  more  sharply  divided  from  the  Turbot-group  than  by  the 
former,  and  it  is  found  that  the  intermediate  stages  between  these  two 
groups,  though  more  nearly  related  to  the  Halibut  than  to  the  Turbot 
in  regard  to  the  structure  and  position  of  the  ventral  fins,  have  the 
same  type  of  olfactory  organ  as  the  Turbot.     The  genera  possessing  the 
combination  of  these  two  characters  are  consequently  separated  from 
both  the  Halibut-  and  Turbot-groups  and   placed  in  an  intermediate 
sub-family. 

It  might  be  thought  that  the  structure  of  the  olfactory  organ  was  a 
character  of  greater  importance  than  the  position  of  the  ventral  fins 
for  the  purposes  of  classification.  Such  is  not  the  case,  however.  There 
are  in  reality  only  two  types  of  olfactory  organ — the  one  with  the 
sensory  epithelium  arranged  linearly  in  longitudinal  lamellse,  the  other 
with  this  epithelium  in  the  form  of  a  rosette.  The  different  forms 
which  are  found]  in  the  Soleidoo  are  but  varieties  of  the  latter  type. 
Hence,  if  we  choose  this  as  the  chief  character,  we  shall  he  obliged  to 
classify  the  ffeterosomata  into  two  sharply-divided  groups,  each  of  which 
contains  a  number  of  genera  at  some  distance  from  their  natural  allies. 
This  will  be  displayed  in  more  detail  when  the  characters  of  the  various 
groups  are  considered  with  regard  to  their  distribution.  It  may  be 
mentioned,  further,  that  the  sensory  epithelium  of  the  olfactory  organ 

*Eyen  in  ParaiichthySt  which  has  a  close  superficial  resemblance  to  the  Halibut,  the 
Tentral  fins  are  not  exactly  nymmetrical,  thus  furnishing  an  additional  reason  for 
grouping  this  genus  with  CithuruSf  rnde  pp.  354-856. 
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shows  a  tendency  to  degenerate  in  several  species  and  genera,  e.g. 
ScophthalmuM,  so  that  this  character  cannot  always  be  rehed  upon  with 
certainty. 

Similar  difficulties  arise  with  the  other  characters  which  have  been 
described.  Each  by  itself  is  able  to  give  some  sort  of  classification,  but 
the  genera  are  then  arranged  merely  accoixiing  to  their  resemblance 
with  respect  to  these  characters  and  not  necessarily  according  to  their 
natural  affinities.  Thus  we  should  obtain  different  combinations  of  the 
Heterosomata  if  we  arranged  the  various  genera  according  to  the  size 
and  structure  of  the  mouth,  or  according  to  the  structure  of  the 
abdominal  or  of  the  last  caudal  vertebrae,  and  so  on,  just  as  the  classifiers 
of  the  ffeterosomata  hitherto  have  done,  and  one  combination  would  be 
as  good  as  the  others.  Each  of  these  characters  would  divide  the 
Heteroeomaia  into  two  or  three  large  groups,  but  the  lines  of  division 
would  differ  in  the  different  combinations.  They  are  too  general, 
making  no  allowance  for  the  results  of  convergency,  and  do  not  permit 
of  fine  transitional  stages  being  displayed.  When,  however,  they  are 
taken  along  with  the  two  characters  which  have  been  mentioned  above, 
the  position  of  the  ventral  fins,  and  the  structure  of  the  olfactory  organ, 
they  furnish  important  evidence  for  the  further  division  of  the  various 
groups. 

Apart  from  the  particular  problems  which  arise  in  endeavouring  to 
fix  the  details  of  each  group,  and  which  will  be  considered  later,  there 
are  still  a  few  general  questions  to  be  answered.  It  has  been  shown 
repeatedly  that  what  is  best  for  the  purposes  of  classification  is  not 
necessarily  the  best  for  showing  natural  affiniti€)S,  and  the  question 
thence  arises—  Can  any  classification  truly  represent  the  natural  affinities 
of  the  species  classified  ?  In  theory  the  answer  is  simple,  because  the 
classification  that  will  receive  the  most  respect  is  the  one  which  displays 
in  a  simple  and  natural  manner  the  groupings  of  the  various  species  as 
we  find  them  in  nature.  In  practice,  however,  there  are  ceftain 
unwritten  laws  according  to  which  a  classification  should  be  formed.  It 
should  be  clear,  not  cumbered  with  too  many  details,  and  such  that  any 
specimen  examined  may  be  readily  located.  Such  have  been  the  pre- 
valent notions  hitherto,  and  a  conflict  thence  arises  between  practical 
expediency  and  theoretical  correctness.  '  Recent  opinion,  however,  as 
shown  in  the  work  of  the  American  writers,  has  tended  strongly  in 
favour  of  the  latter.  The  work  of  Jordan  and  his  collaborators  has 
shown  clearly  in  its  various  developmental  phases  that,  after  all,  several 
different  classifications  would  suit  the  demands  of  practical  expediency, 
and  the  chief  value  of  their  last  great  work  (33),  for  the  Heteroso- 
mata  at  any  rate,  is  that  it  has  passed  beyond  this  stage  and  really 
endeavours  to  display  the  natural  affinities  of  the  various  species,  genera, 
and  groups. 

The  second  and  more  serious  question  that  then  arises  is  whether 
the  characters  presented  to  us — such  as  have  been  described  here— are 
really  capable  of  displaying  affinities.  In  these  days  of  the  study  of 
variations,  when  the  older  notions  of  the  value  and  fixity  of  heredity 
are  being  rudely  shaken,  we  are  not  inclined  to  believe  in  the  per- 
manence, or  even  comparative  permanence,  of  any  character  whatsoever. 
May  not,  then,  the  comple::  condition  of  things  in  the  environment  with 
the  flexible  nature  of  habits  have  so  reacted  on  the  plastic  structures  that 
all  the  lines  of  genetic  relationship  are  woven  round  and  round  inex- 
tricably into  the  form  of  a  net  or  huge  tangle,  and  any  chance  of  finding 
a  "  phylogenetic  tree"  thereby  rendered  hopeless?  In  the  case  of  a 
large  group  of  animals,  such  as  the  Pishes  as  a  whole,  or  of  the  Tdeoatomif 
one  might  assent  to  this,  and  agree  also  with  Sagemehl  that  even  for  a 
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small  group,  such  as  the  Siluridoe  and  their  nearest  allies,  only  those 
characters  which  were  out  of  the  common,  e.g,  the  Weberian  ossicles, 
or  those  which  were  little  employed  and  were  thus  little  acted  upon  by  the 
strong  hand  of  the  environment,  such  as  the  bones  of  the  pectoral  arch, 
could  be  relied  upon  in  the  least  to  show  genetic  affinities.  Neverthe- 
less, there  is  good  reason  for  believing  that  the  flat-fishes  form  a  favoured 
group.  As  a  whole  they  are  well  marked  oflf  from  all  other  groups 
of  the  Teleostei,  even  from  the  Gadidse,  to  which  they  are  supposed  to 
be  most  nearly  related,  and  this  sharp  demarcation  displays  a  fact 
which  is  very  evident  throughout — viz.,  that  the  gix)up  is  specialised 
from  the  very  beginning.  The  habits  and  habitat  of  the  species 
included  under  it  are  also  peculiar  and  in  certain  ways  quite  uniform 
throughout  the  group.  We  should  expect,  therefore,  that  this  uniformity 
will  display  itself  in  a  certain  amount  of  constancy  in  the  characters, 
and  that  if  these  latter  change  they  will  do  so  in  accordance  with 
certain  well-marked  differences  in  the  surrounding  physical  conditions, 
or  to  greater  specialisation  of  habits  and  habitat.  The  former  element  is 
shown  in  the  geographical  distribution  of  the  characters  of  the  various 
sub-groups  or  families ;  the  letter,  in  these  characters  also  to  a  certain 
extent,  but  more  especially  in  those  of  the  species  within  the  separate 
sub-groups  or  families.  It  follows  from  this  that  a  classification  of 
the  flat-fishes,  if  it  is  intended  to  represent  the  genetic  affinities  of 
the  various  divisions,  should  display,  along  with  the  characters,  their 
distribution  generally  and  their  varying  degrees  of  specialisation.  This, 
in  truth,  seems  possible  for  the  HeUrosoriiata,  and  in  the  following 
pages  the  endeavour  is  made  to  show  in  general  outlines  how  such  a 
classification  may  be  realised.  The  influence  of  convergency  can  also 
be  seen  in  the  various  groups,  but  only  the  more  general  and  out- 
standing examples  need  be  mentioned. 

Classification  of  the  Heteroaomata, 

Families. 

a,  Preopercular  margin  more^or  less  distinct,  not  hidden  by  the  skin 
and  scales  of  the  head. 

Pleuronectidce. 

a.  HippoglosairuB  (Halibut-tribe). 

p.  Pleuronectirue  (Flounder-tribe). 

y.  Paeitirue  {  =  BothhuB)  (Turbot-tribe). 

aa.  Preopercular  margin  aduate,  hidden  by  the  skin  and  scales  of  the 
head. 

Scleidve. 

a.  AchirhuB  (American  Soles). 
p,  Soleince  (European  Soles), 
y.  CynogloaaincB. 

The  above  classification,  with  slight  modifications,  is  taken  from  the 
recent  work  of  Jordan  and  Evermann  (33).  It  is  the  most  convenient 
at  the  present  time  for  grouping  together  the  flat-fishes  as  a  whole,  but 
one  feels  already  that  it  is  too  definite  and  cramping  to  express  well  the 
relationships  of  the  various  groups  to  one  another.  It  is  premature, 
for  much  yet  requires  to  be  known,  to  endeavour  to  substitute  this 
scheme  by  another,  but  it  is  thought  advisable  to  present  the  various 
groups  in  the  following  loose  arrangement,  which  has  the  double 
advantage  of  displaying  affinities,  and  at  the  same  time  of  showing  the 
gaps  in  our  knowledge. 
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Families, 


Pleuronectidm 


Stib-familiea, 

f  HippogloBsinoe. 
Pleuronectince. 


SoleidcB 


j  Hippoglosso-rhomhitioi. 
y  Eh<mbi7UB, 

SoleiiuB, 

Achiri^ue. 

Cynoghssince, 

Solei-pleuronectincB, 

IncertcB  sedia? 


-  < 


Sub-Fam.  ffippoglosaince, 

(1)  Preopercular  margin  distinct,  not  hidden  by  the  skin  and 

scales  of  the  head. 

(2)  Olfactory    laminss    arranged    longitudinally    with    median 

rachis. 

(3)  Ventral  fins  placed  symmetrically  about  ventral    line  of 

body,   the  pubic  bones  being  wholly  behind  the  base    of 
the  clavicles  and  connected  thereto  by  a  ligament. 

(4)  Nasal  organ  of  blind   side  lies  anterior  to   the    anterior 

extremity  of  the  dorsal  fin  on  the  ridge  of  the  head. 

(5)  Mouth   nearly  symmetrical,  the    dentition   nearly  equally 

developed    on  both   sides;    gape   large;    lower  jaw   most 
prominent. 

(6)  Eyes  on  right  side,  large. 

This  sub-family,   restricted  by  the  above  characters,  includes  the 
following  genera : — 


Specie  Examined, 

Genus, 

Distnbutum. 

1 

A.  ttomicLs 

P.  hippoglauoides  , 
U,  vulgaris    . 

(?) 
(?) 

D.  doModan  .        .       \ 
Z>.  plcUessoides        .       j 
P.  nulanostictus     . 

(?) 

(?) 
(?) 

Atheresthea,    Jordan   and 

Gilbert. 
Platysomatichthys,  BI. 
Hippoglosfius,  FI. 
Lyopsetta,  Jordan  k  Goss.  \ 
EopsettA,              „              / 

Drepanopsetta,  Gill. 

P»ettichthys,  Girard. 
Verasper,  Jordan  k  Gilbert. 
HippogIossina,Steindachner 

Lioglossina,  Gilbert. 
Xystreurys,    Jordan    and 
GUbert. 

1 
Bering  Sea  to  San  Francisco.       1 

Arctic  parts  of  the  Atlantic. 
North  Atlantic  and  North  Pacific 

California  and  North  Pacific. 

North  Atlantic  and  North  Pacific 

Pacific  coasts  of  North  America. 

Japan. 

Pacific    Coast  —  California   to 

Mexico. 
California 
South  California. 

The  last  three  genera  are  placed  as  doubtful  because  they  may  belong 
to  the  family  of  the  Hippoglosso-rhombinse.  They  are  said  by  Jordan  to 
be  closely  related  to  Pa/ralickthya,  and  this,  along  with  their  southerly 
distribution,  their  tendency  to  be  either  sinistral  or  dextral — a  character- 
istic of  the  Hippoglosso-rhombinoe — raises  the  doubt  as  to  whether  they 
should  be  grouped  with  the  Hippoglossinse  or  with  the  latter  group.  It 
is  possible,  also,  that  Verasper  should  accompany  the  other  three  genera. 

This  family  includes  Atheresthea  and  PUUyaomcUichthySy  which  are 
generally  believed  to  be  more  closely  related  to  the  primitive  ancestors 
of  the  Heteroaamata  than  any  of  the  other  species.  The  evidence  on 
which  this  is  based  rests  almost  entirely  on  the  position  of  the  left  eye. 
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i,e,  the  eye  of  the  blind  side,  which  is  on  the  ridge  of  the  head,  looking 
ahnost  vertically  upwards.  This  position,  which  appears  to  be  the 
normal  one,  recalls  the  abnormal  specimens  of  other  species  with  arrested 
migration  of  the  eye  of  the  blind  side  which  are  sometimes  found,  e.g. 
Turbot.  Whether  these  two  species  are  in  reality  the  nearest  modem 
representatives  to  the  primitive  ancestors,  or  whether  they  are  specialisa- 
tions just  as  Cynogloaaus  of  the  Soleinee  is  a  specialisation  at  the  other 
extreme,  it  is  impossible  to  say.  In  the  present  paper,  however,  it  is 
assumed  that  they  are  the  most  primitive  forms,  and  hence  the  Hippo- 
glossinse  form  the  earliest  or  first  family  of  the  JleterosonuUa, 

The  distribution  of  the  various  genera  here  included  under  the 
Hippoglossinse  is  noteworthy.  They  all  belong  to  the  Arctic  and 
northern  portions  of  the  temperate  regions. 


i 


Sub-Fam.  PteuroiwclincB. 

1),  (2),  (3),  as  in  Hippoglossinse. 

^4)  The  anterior  extremity  of  the  dorsal  fin  is  inclined  towards 
the  blind  side  of  the  head,  and  lies  posterior  to  the  nasal 
organ  of  that  side,  which  is  (usually)  on  the  ridge  of  the 
head. 

(5)  Mouth  unsymmetrical,  dentition  more  developed  on  blind 

side ;  gape  small ;  under  jaw  more  prominent. 

(6)  Eyes  on  right  side  as  a  rule,  large. 

The  following  genera  are  included  under  this  sub-family  : — 


Species  Examined, 

P.  cornuia     . 

• 

(») 

Lepidoptetta  bilineata 
L.  limandu  . 

(0 

• 

I 

(?) 

L,  cLspcra 

Oeniu. 


PldUtchUiya  ttelUUui 

P,JUSU8  .  .  'I 

P.  piaUsta  .  I 

P.  microcephaltis  f 

P,  cynoyhmis      .  J 


Parophxys,  Gtr. 
Pleuronichthys,  Girard. 
Inopsetta,  Jordan  and^ 

0068. 

Isopsetta,  Lockington. 
Lepidopsetta,  Gill. 

Limanda,  Gottscbe. 

Liopsetta,  Gill. 

Platichthys,  Girard. 
Pleuronectes,  L. 


DistrHnUicm. 


North  America  and  Japan. 
North  Pacific. 


Pacific  coasts  of  North  America. 

North  Atlantic  and  North  Pacific. 

North  Atlantic  and  North  Pacific 

(American). 
North  Pacific. 

North  Atlantic  and  North  Pacific. 


Various  other  genera  are  included  by  Jordan  within  this  family,  but 
since  they  are  generally  classified  by  other  writers  as  species  under  the 
above  genera,  it  is  considered  advisable  to  omit  them  for  the  present. 
For  example,  Plewronectea  microcephalua  has  been  relegated  to  a  new 
genus,  Micro8tomu8j  and  F,  cynoglossics  to  another,  Glyptooephalua. 
Elxamination  of  the  internal  structure  of  the  former  species  shows  that 
it  is  very  closely  allied  to  the  plaice,  P.  plcUessa,  even  to  the  presence  of 
the  characteristic  tubercles  on  the  otic  regions  of  the  skull.  P.  cynogloahis 
seems  the  next  step  to  P.  microcephalua  in  the  specialisation  away  from 
the  Plaice,  and  it  is  a  pity  to  subdivide  these  species  into  separate  genera 
when  their  inclusion  within  one  genus  more  fitly  expresses  their 
affinities. 

This  sub-family  is  well  marked  off  from  the  preceding,  to  which  it  is  most 
nearly  allied,  and  from  which  it  has  probably  been  derived,  by  the  peculiar 
shape  and  size  of  the  mouth.  Amongst  the  European  forms  there  seem 
to  be  no  transition  stages,  but  amongst  the  American  Jordan  mentions 
^AiKtlaopaeita  closely  resembles  PeeUichthyaoi  the  family  of  Hippoglo6siii». 
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It  is  probable,  tberefore,  that  the  transitional  forms  existed  in  the 
European  waters  at  one  time,  but  have  now  disappeared.  On  the  other 
hand,  in  the  peculiar  shape  of  the  mouth  and  in  the  presence  of  the 
"  Sole-form  "  in  such  as  P,  microcephalua  and  P,  cynoglo98U8  we  see  the 
close  affinities  of  this  family  to  the  Soleinse — not  that  these  are  necessarily 
the  forms  which  mark  the  transitional  stages,  but  they  indicate  how  the 
Soleinae  might  have  been  derived  from  the  Pleuronectinse. 

The  distribution  of  the  genera  included  within  this  family  is  more 
southerly  than  that  of  the  Hippoglossinae,  but  they  are  for  the  most 
part  confined  to  the  more  northerly  portions  of  the  temperate  zone. 

Sub-Fam.     HippogloMO-rhombince, 

(1)  As  in  Hippoglossinse. 

(2)  Olfactory  laminae   arranged   transversely   about   a   median 

rachis. 

(3)  Ventral  fins  varying  from  the  symmetrical  condition  of  the 

Hippoglossinse  to  a  partial  form  of  the  asymmetrical 
condition  in  the  flhombinae ;  in  all,  the  pubic  bones  are 
wholly  behind  the  clavicles,  to  which,  when  the  fins  are 
asymmetrical,  the  anterior  of  the  pubic  bones  is  sometimes 
attached. 

(4)  As  in  Pleuronectina8,  but  the  anterior  extremity  of  dorsal  fin 

is  continued  forward  in  some  genera  to  nasal  organ  of  blind 
side. 

(5)  As  in  HippoglossinsB. 

(6)  Eyes  on  left  side  as  a  rule,  but  very  vai'iable,  large. 

These  are  the  characters  which  unite  together  a  number  of  genera 
some  of  which  have  been  hitherto  classed  with  the  Halibuts,  and  others 
with  the  Turbots.  They  are  separated  from  the  former  gi'oup  by  having 
the  form  of  olfactory  organ  which  is  found  in  the  latter,  whilst 
they  are  more  akin  to  the  Halibut-group  in  almost  all  other 
characters.  The  genera  which  have  hitherto  been  included  with  the 
Halibut-group  are  Parcdichthya^  Paevdorhomhus*  Paettodea,  and  Tephritis, 
These  are  evidently  distinguished  fi-om  the  Halibuts  by  character  (2),  in 
that  they  have  the  olfactory  laminae  arranged  transversely  about  a 
median  i*achis.  The  most  remarkable  form  is  Paettodea,  which  has 
hitherto  been  classed  with  the  Halibuts  and  considered  to  have  affinities 
to  the  most  primitive,  viz.  Athereathea.  These  affinities,  displayed  in 
the  general  form  and  structure  and  in  teeth,  are  certainly  striking,  and 
lead  to  the  conclusion  that  Paettodea  is  either  a  direct  offshoot  from  the 
Halibut,  or,  if  it  has  come  through  any  intermediate  forms,  that  it  has 
assumed  these  characters  by  specialisation  to  its  peculiar  habits  of  life. 
The  structure  of  the  olfactory  organ,  however,  seems  a  sufficient  reason 
for  removing  this  genus  along  with  Paraiichthya  from  the  Halibut 
group  and  placing  it  in  this  family.  In  addition  to  the  structure  of 
the  olfactory  organ,  there  are  other  characteristics  which  separate  it 
from  the  Halibuts.  In  the  Halibut-group  the  eyes  are  almost  invariably 
on  the  right  side.  In  this  genus,  as  in  the  other  genera  of  this  family, 
the  eyes  may  be  on  the  left  or  right  side,  but  generally  on  the  left. 
Thus,  of  nine  examples  mentioned  by  Giinther  in  his  Catalogue  (vol. 
IV.,  p.  402),  five  had  the  eyes  on  the  left  side,  four  on  the  right.  The 
specimen  examined  by  myself,  further,  had  no  pyloric  caeca — a 
characteristic  of  the  Sole-group.  Lastly,  the  distribution  of  this  genus 
is  southerly,  where  that  of  the  Halibuts  is  northerly,  as  already  noted. 
With  regard  to  Paraiichthya,  there  is  less  objection  to  removing  it 
from  the  Halibuts  than  there  is  with  Paettodea,     With  the  exception  of 

•  The  American  writers  include  Psewdorhomhus  under  ParaXichihys. 


of  the  Fishery  Board  for  Scotland.  355 

the  relatively  slight  difference  in  the  position  of  the  ventral  fins  and  the 
form  of  the  lateral  line,  the  description  given  by  the  American  writers 
for  this  genus  (33,  p.  2624)  agrees  exactly  with  that  given  for 
CithcMrichthys  {ibid.,  p.  2678),  and  the  similar  nature  of  the  olfactoiy 
organ  renders  it  imperative  to  bring  these  two  within  the  same  sub- 
family. 

In  Tephritis,  again,  the  ventral  fins  are  closely  approximated  to  one 
another,  and  the  laminar  portions  of  the  pubic  bones  are  "^ell  developed 
and  reach  almost  to  the  clavicles.  The  ventral  fin  of  the  right  or  blind 
side  further  shows  a  tendency  to  become  reduced  to  four  rays,  and  it  is 
therefore  permissible  for  these  reasons  alone  to  regard  this  form  as 
transitional. 

The  genera  which  have  been  included  hitherto  within  the  IHirbot- 
group  are  Hemirhombua,  Citharichthya,  and  Citharus.  They  are 
separated  from  that  group,  however,  by  the  position  of  the  ventral  fins. 
The  asymmetry  of  these  is  not  so  great  as  in  the  Turbot-group,  and  the 
pubic  bones  of  either  side  never  pass  beyond  the  base  of  the  clavicles. 
As  type  of  this  sub-family  we  may  choose  the  common  Mediterranean 
form,  Clthamia  lingtuUtda.  This  has  invariably  been  classed  with  the 
Turbots,  and  if  the  reasons  advanced  here  for  its  separation  from  them 
be  considered  valid,  then  the  necessity  of  forming  a  distinct  sub-family 
for  it  and  the  allied  genera  will  be  admitted. 

In  the  **  Scandi7iavian  Fishes  "  it  had  already  been  noted  that  Citharus 
formed  an  exception  to  the  general  rule  in  the  Heterosomata  hothhia 
in  that  it  had  the  rays  of  4}he  ventral  fins  dose  together  at  the  base, 
whereas  in  other  forms  they  are  wide  apart.  This  external  difference 
has  been  shown  to  be  associated  with  a  more  important  internal  difier- 
enoe  in  structure  {vide  Fig.  21),  and  this  has  been  contrasted  with  the 
structure  of  the  ventral  fins  in  Amoglossus  {Fig.  23),  perhaps  the  nearest 
ally  to  Citharus  within  the  Turbot-group.  Nor  is  this  the  only  differ- 
ence from  the  latter  group  to  be  observed  in  Citharus.  Although, 
according  to  Giinther  (20),  who  had  not  himself  examined  any  specimens 
of  this  species,  the  dorsal  fin  extends  to  the  snout  anteriorly,  it  does  not 
in  reality  do  so  to  the  same  extent  as  in  the  other  genera  of  the  Turbot- 
group,  and  we  find  consequently  in  Citharus  that  there  is  a  different 
relation  between  the  anterior  extremity  of  the  dorsal  fin  and  the  nasal 
organ  of  the  blind  side  from  that  in  the  Turbot-group.  In  Citharus  the 
nasal  organ  in  question  lies  on  the  ridge  of  the  snout,  just  as  is  the  case 
generally  in  the  Hippoglossinse  and  Pleuronectinss,  and  as  in  the  latter 
group  the  anterior  extremity  of  the  dorsal  fin  inclines  towards  the  blind 
side  on  passing  the  upper  eye,  so  that  both  nasal  organs  are  on  the 
upper  or  eyed  side  of  the  dorsal  fin.  This  position  may  be  again 
contrasted  with  that  in  Amoglossus,  where  the  nasal  organ  of  the  blind 
side  lies  on  the  under  side  of  the  dorsal  fin. 

The  genera  which  are  included  within  this  sub-family  restricted  by 
the  above  characters  are  the  following  : — 


[Tablk. 
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Species  Examined. 

&enif«. 

Distribuiion. 

(?) 

p.  macidosus  . 
P.  rustteiln     % 

<?) 
(') 
(?) 

s 

JJ.  aramaca   . 

Ill 

C.  tordidus    . 

T.  siTietms 

Pt  erufitci      •        .        t 

C.  Hnguatuia 

Hippoglossina. 
Licglosaiua. 
Xystreurys. 
Paralichtiiyfl,  Girard. 

Pseudorhombus,  Gtr. 

Ramuluria,  Jordan  and 

Evermann. 
Ancylopsetta,  Gill. 

Notosema,   Goode    and 

Bean. 
Gastropsetta,  Bean. 
Trichopsetta,  GilL 
Hemirnombus,  Bl. 

Cyclopsetta,  Gill. 
Azevia,  Jordan. 
Citharichthys,  Blecker. 

Tephritis,  Gtr. 
Paettodes,  Gtr. 
CithamB,  Bl. 
Anticitharus,  Gtr. 

Pacific — California  to  Mexico. 

California. 

South  California. 

Both  coasts  of  America  to  east 
and  south  coaAta  of  Asia. 

Sub-temperate  zones  of  both 
northern  and  southern  hemi- 
spheres. 

California. 

South  Atlantic  coasts  of  North 
America. 

Do. 

Do. 

Do. 
Tropical     Atlantic     coasts     of 
America  and  Africa,  also  Pacific. 
Colombia  and  Gulf  of  Mexico. 
Pacific  coast  of  Central  America. 
Tropical  and  sub-tropical  coasts 

of  America. 
China  Seas. 
Red  Sea  to  China. 
Mediterranean. 
Australasia. 

It  has  to  be  admitted  that  this  family  rests  for  the  present  upon 
somewhat  hazardous  generalisations.  As  noted  above,  only  seven* 
species  of  the  various  genera  have  been  examined,  whereas,  according 
to  GUnther's  Catalogue  of  1862,  twenty-one  species  are  included  therein, 
and  if  the  most  recent  catalogue  of  the  American  writers  be  taken  into 
account  this  number  is  almost  doubled.  It  is  therefore  advisable  to 
point  out  in  detail  the  extent  of  the  generalisations.  In  the  case  of 
Parcdichthya  and  Pseudorhombus,  it  is  assumed  that  the  species  which 
have  not  been  examined  have  the  same  form  of  olfactory  organ  as  those 
examined.  In  the  case  of  the  remaining  genera  it  is  also  assumed  that 
the  ventral  fins  are  placed  posterior  to  the  base  of  the  clavicles.  The 
first  assumption  is  based  on  the  fact  that  all  the  examined  forms,  Soleinae 
and  others,  with  a  similar  distribution,  viz. — sub-temperate  and  ti-opical 
— have  the  same  type  of  olfactory  organ,  in  which  the  olfactory  laminse 
are  arranged  about  a  median  rachis.  The  second  assumption  is  not  so 
well  grounded,  and  unfortunately  the  descriptions  of  previous  writers 
are  too  indefinite  to  give  much  aid.  All  that  one  can  gather  from  the 
descriptions  of  GUnther  and  the  American  writers  is  that  what  is  true 
for  the  one  species  holds  good  also  for  the  remaining  species  of  the  genus. 
In  this  case  the  above  characters  are  true  for  the  sub-family  as  it  stands, 
but  more  specimens  and  species  require  to  be  examined  in  order  to 
settle  the  matter  definitely.  Some  alterations  may  require  to  be  made, 
as,  for  example,  in  Heviirhoftibua  (Syadum),  whose  venti-al  fins,  according 
to  the  American  writers,  are  peculiar,  but  they  may  not  affect  the 
validity  of  the  sub-family  as  a  whole. 

The  distribution  of  the  various  genera  included  within  this  family  is 
more  southerly  than  that  of  the  previous  family,  being  tropical  and  sub- 
tempei-ate  in  both  the  northern  and  southern  hemispheres. 

•Through  the  kindness  of  Prof.  D'Arcy  W.  Thompson,  three  more  species  of  this 
sub-family,  viz.:— Parol ichthys  arfivSy  Paralichthys  dentaivt,  and  OUarichthys  ^nlopUnUy 
have  been  examined  since  the  above  pages  were  written.  These  conform  to  the 
characters  stated,  and  consequently,  enhance  the  validity  of  the  sub-family. 
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(2) 
3 


Sub- f am.  Rhomhince  * 

As  in  Hippoglosainse . 
As  in  Hippoglosso-rhombinse. 

Ventral  fins  asymmetrical,  the  anterior  extends  anteriorly 

beyond  the  base  of  the  clavicles ;  the  laminar  portion  of  one 

or  both  of  the  pubic  bones  is  continued  forward  by  a  plate 

of  cartilage  as  far  as  the  lower  prong  of  the  urohyal. 

(4)  Nasal  organ  of  the  blind  side  lies  entirely  on  the  blind  side 

of  the  head  under  the  anterior  extremity  of  the  dorsal  fin. 
^5)  As  in  HippoglossinsB.t 
[6)  Eyes  on  left  side. 
The  following  genera  are  now  included  in  this  family  : — 


ii 


Species  Examirud, 

Genus, 

Distribution, 

(?) 

(0 

A.  arohmanni 

A.  UUernAi 

L.  boscii         .         .       \ 
L.  whiff         .         .       f 
S.  unimaculatus     .       \ 
S.  norvegictis .        .       j 
Z.  punctatus    . 
R.  Icevis        \ 
R.  maximus  i 

B.  mceoticus) 

(?) 

P.  ocellaius    .        .      (?) 

(?) 

Rhomboidichthys,      BL 

(Platophrys,  Swalnson). 

Perissias,    Jordan    and 

Evermann. 
Eugyopbrys,  Jordan  and 

Sollman. 

Arnoglossus,     Ron. 
(Platophrys,  Swainaon). 

Lepidorhombiifi,  Gtr. 

Scopthalmus,  Bon. 
ZeugopteniR,  Gottsche. 

Rhombus,*  Kl. 

Etropus,     Jordan    and 
Gilbert. 
Psammodiacus,  Gtr. 

Monolene,  Goode. 

Sub-tropical  regions  of  Atlantic 

and  Pacific.                                  i 
Gulf  of  California.                           ' 

Coast  of  Panama. 

Sub-tropical  regions   of    Pacific 
and  Atlantic. 

Temperate  seas  of  Europe. 

Do. 
Do. 

Temperate    regions    of     North 
Atlantic. 

Sub  -  temperate       regions       of 
America. 

(?) 

Tropical      and      sub-temperate 
regions  of  Atlantic. 

*  This  genus  has  been  variously  styled  by  the  above  mentioned  authors,  PseUa^ 
PleuTOnectus^  Bothus,  As  the  reasons  for  adopting  these  are  somewhat  hazy,  there  is 
insufficient  ground  for  departing  from  the  now  familiar  term  Rkomhus, 

Under  previous  classifications  this  sub-family  was  more  clearly 
separated  from  the  other  families  of  tho  Heterosomata  than  it  is  under 
the  present.  And  if  the  Turbot  {R.  maximu8\  which  was  formerly  the 
type  of  the  family,  were  contrasted  directly  with  the  Pleuronectinse  and 
the  Hippoglossinse,  we  should  be  inclined  to  think  that  the  Heterosomata 
had  had  two  distinct  sources  of  origin.  It  has  been  shown  here,  however, 
that  CUharus  and  its  allied  genera  form  a  natural  transition  from  the 
Hippoglossinse  to  the  Rhombinse,  and  that  the  latter  family  has  first  made 
its  appearance  in  some  form  akin  to  Amoglosatis,  if  not  in  Aimoghaviia 
itself.  It  is  most  probable,  indeed,  that  the  Rhombinie  had  their  origin 
in  the  sub-temperate  or  tropical  zones,  and  thence  migrated  north- 
wards. The  Turbot,  Whiff,  and  Topknots  are  specialisations  along 
certain  lines  away  from  the  main  body  of  the  Heterosomata. 

*  This  sab-family  hofi  been  variously  called  RJwnAince,  Gill ;  Pleuronectiiux^  Jordan  and 
Goes ;  BothincB,  Smitt ;  Psettina,  Jordan  and  Evermann,  Gill.  Each  of  these  is  well 
supported  by  weighty  reasons,  and  one  has  therefore  a  considerable  latitude  of  choice. 
In  deciding  upon  Rhombincn  for  the  sub-family  as  above  restricted,  I  have  taken  into 
consideration  not  only  questions  of  priority,  but  also  the  fact  that  Rhombus  is  now  the 
customary  and  recognised  term  for  the  type  of  this  sub-family,  amongst  European 
ichthyologists  at  least. 

t  According  to  Jordan  and  Evermann  (33,  p.  2687)i  Blropus  is  an  exception,  having  a 
small  mouth,  as  in  the  Pleuronectidcs, 
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Fam.,  Soleidie. 

(1)  "  Preopercular  margin  aduate,  hidden  by  the  skin  andflcales 

of  the  head." 

(2)  Olfactory  laminse  arranged  about  a  rachis,  which  may  lie 

obliquely  or  even  transversely  to  the  longitudinal  axis  of 
the  body. 

(3)  Ventral    fins   symmetrical  or   asymmetrical;  two,  one,  or 

absent  altogether. 

(4)  Nasal  organ  of  blind  side  similarly  situated  to  that  of  eyed 

side. 
(6)  Mouth  a  symmetrical ;  dentition  (if  present)  more  developed 

on  blind  than  on  eyed  side ;  mouth  usually  overhung  by  a 

definite  snout. 
(6)  Eyes  on  right  or  left  side. 

It  has  been  thought  advisable  to  retain  the  latest  classification  of  the 
American  writers,  and  consider  the  Soleidae  as  a  family  equivalent  to 
the  preceding  sub-families  combined.  This  has  the  advantage  of 
dividing  the  Heterosomata  into  two  main  portions  with  an  almost  equal 
number  of  species  in  each,  and  it  has  the  further  advantage  of  a  suitable 
terminology.  But  it  has  the  great  disadvantage  of  obscuring  somewhat 
the  natural  affinities  of  the  various  groups.  For  this  purpose  it  would 
be  better  if  the  family  Soleidce  were  done  away  with,  and  a  classification 
similar  to  that  proposed  earlier  by  the  American  writers  (32)  established. 
In  the  latter,  the  Heterosomata  were  arranged  in  a  series  of  sub- 
families, two  of  which — Soleinse  and  Cynoglossinse — represented  the 
present  family.  It  was  then  possible  to  arrange  the  characters  of  tlie 
various  groups,  so  that  the  CynoglossinaB  were  related  to  the  Soleinse  as 
the  Soleinse  were  to  the  Pleuronectinse  and  RhombinsB,  and  the  last  two  to 
the  Hippoglossinse.  In  the  more  recent  classification  (33)  the  Soleidse 
are  divided  into  three  sub- families,  Achirinse — the  American  Soles, 
Soleinse — the  European  Soles,  and  the  Cynoglossinse.  Few  of  the 
American  Soles  have  been  examined  by  myself,  so  that  the  characters 
(2)  and  (4)  above  may  not  be  altogether  true  for  them,  although  they 
hold  good  for  both  the  Soleinse  and  Cynoglossinse. 

According  to  the  American  writers,  the  American  Soles  are  allied  to 
the  Turbot-group  (Rhombiuse)  in  the  form  of  their  ventral  fins,  whilst,  as 
has  been  shown  here,  the  European  soles  are  more  nearly  allied  to  the 
Plaice-group.  On  the  other  hand,  the  Cynoglossinse  form  an  aberrant 
group  whose  afiiuities  are  by  no  means  clear.  They  have  been  derived 
apparently  from  the  Soleinse  or  Achirinse,  but  the  transitional  stages  are 
not  yet  in  evidence.  It  is  to  be  understood,  therefore,  that  the  affinities 
of  the  various  groups  of  Heterosomata  are  displayed  by  the  sub-families, 
whilst  the  families  are  for  convenience  in  classification. 

The  characters  of  the  sub-families  of  the  Soleidse  are  as  follows,  those 
stated  by  the  American  writers  being  given  in  brackets : — 

1.  Achirince, 

(Eyes  on  right  side ;  ventral  fins  developed,  one  or  both  of  them  some- 
times obsolete ;  right  ventral  with  extended  base,  confluent  with 
the  anal  fin.) 


Species  Examined. 

Genera. 

lJis(ributi07i. 

O.  fcuciatuSf  . 
S,  undcohTf    . 

Aohinis,  Lac. 

Gyunachiros,  Kaup. 
Soleotalpa  Gtr.  (Apion- 
ichthys,  Kaup.). 

Tropical  and  temperate  regionB 

of  America. 
Tropical  South  America  (?) 
Tropical  regions  of  Atlantic. 
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2.  Sdeince. 
Eyes  on  right  side ;  ventral  fins  developed  and  free  from  anal. 


Species  Examined. 


S.  vulgaris^    . 

S,  Ui»carisy\ 

—  kleimif    v. 

—  impary    j 
S.  oeeilaUty     . 
M,  variegatay  "j 

M.  minuttty  ) 
At.  hispidugy  . 
S.  pectoraUsy  . 
P.  pavoninusy 
A.  comutay  . 
L.  nitiduty 


Oenera. 


Rolea,  Q\ien. 


Microchirus,  Bon. 


i  Mouochinis,  Raf. 
Synaptura,  Cantor. 
Pardacbirus,  Gtr. 
A.esopia,  Gtr. 
Liachirus,  Gtr. 


Dittribution. 


8ub-tropical      and      temperate 
regions  of  Europe. 


Mediterranean    and    temperate  • 
regions  of  Europe. 

Mediterranean. 

Indian  Ocean  and  Archipelago. 

Do.  do. 

Do.  do. 

China  Seas. 


3.  Cynogloaainfe. 

Eves  on  left  side  ;  only  one  ventral  (?) ;  dorsal  and  anal  fins  confluent 
with  caudal  ;  termination  of  caudal  vertebrae  of  axial  type — 
diphy  cereal. 


Species  Examined.        |                 0«nera. 

Distribution. 

1 
C.  semilvtvisy  .         .         .   ' 
P.  marmoralay       .         .   . 
A.  lacteuSy 
A.  ornata, 

Cyuoglossas,  Gtr. 
Plagusia,  Gtr. 
Ammopleurops,  Gtr. 
Aphonstia,  Kaup. 

China  Seas. 
East  Indies. 
Mediterranean. 

Atlantic     coasts     of      tropical 
America. 

It  may  be  possible  to  find  further  structural  characters  which 
differentiate  these  sub-families  from  one  another,  more  especially  the 
Achirinse  from  the  Soleinse.  The  Cynoglossinse  are  more  specialised 
than  either  of  these,  and,  in  addition  to  their  sinistral  form,  present 
gtages  of  specialisation  which  can  be  well  marked  off  from  the  transitional 
forms  of  the  above  sub-families.  The  confluent  nature  of  the  vertical 
fins  occurs  but  seldom  in  these  sub -families — e.g.^  in  Sdeotalpa  and 
SyTnaptwra.  In  these,  however,  the  termination  of  the  notochord  is 
slightly  bent  upwards  {Sdeotalpa  f)  as  in  Sdea^  so  that  the  axial 
arrangement  of  the  caudal  vertebrae,  which  marks  the  last  degree  of 
specialisation,  is  distinctive  of  the  Cynoglossinse.  The  other  cHaracters, 
the  total  absence  of  the  pectorals,  and  the  presence  of  only  one  ventral, 
are  found  also  in  the  other  sub-families — e.g.,  in  SoUeotalpa^  Gymnaehirtia, 
and  certain  species  of  Synaptura.  Between  the  Soleinae  and  the 
Achirinffi  there  seems  at  present  only  the  one  diflerentiating  character, 
and  it  is  of  interest  to  note  that  it  is  the  same  character  which  forms 
the  chief  means  of  differentiating  the  Pleuronectinae  and  the  Rhombinae, 
although  it  has  yet  to  be  seen  whether  the  same  difference  in  the  internal 
structure  of  the  pectoral  arch  and  ventral  fins  is  present. 

The  more  specialised  forms  are  found  in  the  tropics,  whilst  the  less 
specialised  range  into  the  temperate  regions  of  the  northern  hemisphere. 


360  Part  IIL — EigJUeenth  Annual  Beport 


!i 


Sub-fam.  Solei-plewroneethuE. 

1)  and  (2)  As  in  Fleuronecti7ice. 

3)  Ventral  fins  asymmetrical ;  two  or  one. 

(4)  As  in  PUuronecUnoi  ? 

(5)  Mouth  asymmetrical,  as  in  PleuronedincB, 

(6)  Eyes  on  right  side. 

This  sub-family  has  already  received  the  name  Oncopterinie  from 
Jordan  (32,  p.  280),  and  it  might  seem  as  if  an  unnecessary  reduplica- 
tion of  terms  was  being  made.  As  a  matter  of  priority,  however, 
Rhombosolea  was  the  term  given  by  Qiinther  to  the  genus  (21,  p.  667), 
and  instead  of  the  name  of  the  last  discovered  species,  OncoptertiSf  being 
given  to  the  sub-family,  Rhombosoleinse  should  rather  have  been 
employed.  The  latter  term  also  would  have  had  the  additional  advan- 
tage of  declaring  certain  affinities  of  the  group,  whereas  Oncopterin®  is 
an  empty  term.  The  doubt,  therefore,  lay  between  Solei-pleuronectinse 
and  Rhombosoleinse,  and  it  is  considered  that  the  weight  of  the  characters 
decides  in  favour  of  the  former.  The  asymmetrical  condition  of  the 
ventral  fins  resembles  the  same  character  in  the  Turbot-group  certainly, 
but,  as  remarked  by  Jordan,  this  is  also  the  characteristic  of  the 
Achirinss  of  the  Sole-group.  This  sub-family,  again,  has  the  same 
disposition  of  abdominal  vertebrae — i.e.,  the  last  four  to  six  bear  h»ma- 
pophyses — as  is  found  in  certain  of  the  Turbot-group—- «.^.,  Rham- 
botdichthys ;  but  this  has  also  been  shown  to  be  a  general  chs^iucteristic 
of  the  Soles.  Hence,  there  is  reason  for  considering  that  these 
characters  have  come  from  the  Soleidse  and  not  the  Bothmss.  This  is 
further  shown  in  the  shape  of  the  snout  and  mouth,  which  are  almost 
half-way  between  the  types  of  the  Sole-  and  Plaice-groups.  In  the 
remainder  of  its  characters,  with  the  possible  exception  of  the  position 
of  the  nasal  organ  of  the  blind  side,  which  has  not  yet  been  determined, 
this  sub-family  distinctly  resembles  the  Plaice-group.  The  eyes  are  on 
the  right  side,  and  the  olfactory  organ  is  the  same  as  in  the  Pleuro- 
nectinae  and  Hippoglossinss. 

The  genera  included  under  this  sub-family  are,  for  the  present,  three 
— viz.,  Bhambosolea,  PeUorhamphua^  and  Anmiotretis,  all  from  the  waters 
south  of  Australia,  from  Tasmania  and  New  Zealand.  These  are  so 
distinct  in  their  characters  that — as  characters  are  measured  amount 
the  European  species — each  is  entitled  to  represent  a  separate  genus. 
As  already  mentioned,  Jordan  has  classed  with  these  a  form  from  the 
Patagonian  coast  of  South  America,  namely  Oncoptents,  This  has 
certain  remarkable  resemblances  to  the  above,  but  differs  from  them  in 
that  the  ventral  fin  is  not  joined  to  the  anal,  where  in  the  above  it  is. 
The  interesting  point  to  determine  now  is  whether  Oncopterua  has  the 
same  type  of  olfactory  organ  as  the  others,  and  a  similar  disposition  of 
the  abdominal  vertebrae.  If  so,  then  it  is  very  probable  that  a  number 
of  forms  intermediate  in  their  geographical  distribution  between  the 
above  ma^  still  be  found  which  will  fall  within  this  sub-family. 

Incertce  Sedii. 

Whilst  it  has  been  possible  to  give  a  certain  amount  of  definiteness  to 
the  preceding  sub-families,  there  still  remain  a  few  forms — some  of  which 
do  not  fall  within  the  previous  groups,  and  others  not  examined  by  myself 
— which  have  been  given  a  separate  and  special  importance  by  the 
American  writers.  As  it  is  impossible  to  say  exactly  where  the  latter 
would  fall  in  the  present  scheme  of  classification,  it  is  better  to  consider 
them  apart  until  further  examination  of  their  structure  reveals  their 
affinities. 
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One  of  these  remarkable  forms  is  Brachyplewra,  which  includes  several 
species  from  the  I ndo- Pacific  Ocean  and  from  New  Zealand.  This  was 
placed  by  Giinther  (20,  p.  556)  in  the  Turbot-group,  on  account  of  its 
having  a  "  nearly  symmetrical  mouth "  and  because  "  the  dorsal  fin 
commences  before  the  eye."  A  further  character  may  be  added  to 
complete  its  resemblance  to  the  Turbots,  namely  that  the  ventral  fins  are 
unsym metrical.  But  here  the  resemblance  ceases,  and  Brachypleii/ra  has 
even  less  affinity  to  the  Turbot-group  than  the  Solei-pleuronectinse  had. 
The  ventral  fins  though  unsymmetrical  are  only  slightly  so,  and  are 
similar  in  structure  and  position  to  those  of  the  Hippoglosso-bothinse. 
Further,  as  in  Citharua,  Platophrys,  and  the  Soleidse,  some  of  the 
abdominal  vertebrae  bear  hoemapophyses.  As  with  the  Solei- 
pleuronectinaB,  these  last  two  characters  are  considered  to  show  afiinities 
with  the  Soleidse.  On  the  other  hand,  the  structure  of  the  mouth  is 
hippoglossoid,  the  eyes  are  on  the  right  side,  and  the  olfactory  organ, 
though  little  developed  apparently,  is  of  the  same  type  as  in  the  Plaice- 
and  Halibut -groups. 

Brachypleura  has  therefore  very  close  affinities  to  the  preceding  sub- 
family, Solei-pleuronectinse,  and  differs  from  it  chiefly  in  the  form  of  the 
mouth.  In  order  to  mark  this  affinity,  and  at  the  same  time  display 
the  difference,  it  might  be  advisable  —in  the  event  of  further  related 
species  coming  to  hand — to  raise  this  genus  to  the  i-ank  of  a  sub-family 
and  call  it  Solei-Hippoglossinie. 

Another  genus  whose  position  is  uncertain  is  Samaria,  This  resembles 
Bra4:hypleura  in  many  of  its  characters,  but  in  its  general  form  as  well 
as  the  position  of  the  ventral  fins  shows  a  greater  r&semblance  to  the 
Turbot-gix)up.  The  eyes  are,  however,  on  the  right  side.  The  structure 
of  the  olfactory  organ  is  not  yet  known.  Jordan  (32,  p.  229)  has 
included  with  this  several  other  genera,  Loph&iveiiea,  PcecUopaeUa, 
Nein(Uop8j  and  formed  them  into  a  distinct  sub-family  which  he  caUs 
Samarinsa.  Future  research  may  show,  however,  that  the  two  latter 
should  be  grouped  with  the  Solei-pleuronectinse.  According  to  Jordan  this 
sub-family  lies  between  the  Plaice  and  Turbot-groups,  but  one  result 
of  the  present  investigation  is  to  show  that  these  two  groups  have  been 
and  are  in  no  way  related  to  one  another.  They  are  both  specialisations 
from  the  main  stock  in  different  directions,  and  an  intermediate  group 
is  unlikely — unless  it  arose  through  hybridism.  The  above  genera  may 
be  transitional  stages  from  the  Halibut-or  Turbot-groups  to  the  Sole- 
group  or  vice  verad,  or  they  may  be  highly  specialised  members  of  the 
Plaice -group. 

Another  genus  of  uncertain  position  is  the  Lepidopaetta  of  Giinther 
(22),  {Mancopaetta  of  Jordan).  This  comes  from  the  southern  end  of 
South  America,  and  seems  to  display  affinities  both  bo  the  Soles  and 
Turbots.* 

*  Through  the  kindness  of  Prof.  D'Arcy  W.  Thompson,  C.B.,  of  the  University  College, 
Dundee,  and  of  his  assistant,  Dr.  W.  T.  Caiman,  I  have  been  able  to  examine  some 
additional  forms,  and  had  access  to  additional  literature,  since  the  above  pnges  were 
written.  From  these  observations  it  seems  very  probable  that  the  Deep  Sei  forms  of  the 
Indian  Ocean  described  by  Alcock  (1,  2,  3),  connect  the  flat-fish  fauna  of  the  temperate 
regions  of  the  northern  hemisphere  with  that  of  the  similar  regions  in  the  southern 
hemisphere.  Of  these  forms  Boopsetta  {Pcecilopsetta)  seems  to  be  one  of  the  Plaice-group, 
whilst  Lceops  is  of  the  Turbot-group.  In  the  deep  sea  forms,  therefore  iChoKanopaetta  is 
another),  we  may  perhaps  have  the  traiisitions  from  the  Plaice-  and  Turbot-groups  of  the 
northern  hemisphere  to  the  Solei-pleuronectinse  of  the  southern.  It  would  be  of  interest 
to  know  whether  the  forms  mentioned  had  the  Plaice  or  Turbot  type  of  olfactory  organ. 
In  this  connection,  it  may  be  mentioned  that  a  specimen  foimd  at  University  College, 
which  came  from  New  Zealand  and  seems  to  be  the  representative  of  a  hitherto 
undescribed  species,  has  the  external  appearance  and  character  of  the  Turbot  group,  but 
the  Plaice  type  of  olfactory  organ. 
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Geographical  Distrih'ution  of  the  Sub- Families. 

It  has  at  times  been  asked  whether  the  flat-fishes  could  not  be 
considered  as  having  sprung  from  more  than  one  stock,  that  is,  as  having 
two  or  moi-e  distinct  sources  of  origin.  The  doubt  concerning  this  point 
is  centred  round  the  great  differences  between  the  Turbot-group  and 
the  Plaice-or  Halibut-groups.  The  Sole- group — in  the  European  fauna 
at  any  rate — is  readily  recognised  to  have  close  affinities  with  the  Plaice- 
group,  whereas  no  other  gi'oups  are  so  widely  separated  from  one 
another  as  the  latter  and  the  Turbot-gi-oup.  Nor  are  these  differences — 
which  have  been  displayed  in  the  eai*lier  portions  of  this  paper — confined 
to  the  adult  structures,  they  are  also  found  in  the  earliest  stages.  The 
eggs  of  all  the  species  of  the  Plaice- and  Halibut-groups  yet  known  are 
transparent  and  without  oil-globules  like  those  of  the  Gradidse,  whereas 
all  the  species  of  the  Turbot-group  have,  without  exception  up  to  the 
present  time,  an  oil-globule  whicli  may  be  coloured  or  colourless.  The 
larvsB  and  post-lai-vse  of  the  latter  group,  again,  are  i*eadily  distinguished 
from  those  of  the  former  by  the  very  early  anterior  prolongation  of  the 
dorsal  fin  over  the  migrating  eye,  and  by  the  presence,  in]  several  species, 
of  spines  on  some  part  of  the  head,  in  other  species  of  tentacular 
prolongations  of  the  anterior  rays  of  the  dorsal  fin. 

These  great  differences  throughout  might  l^nd  countenance,  therefore, 
to  the  possibility  of  thei^e  being  two  separate  origins  for  the  flat-fishes. 
But  such  an  hypothesis  could  only  obtain  a  fii*m  ground  in  fact  if  it 
were  shown  that  no  transitional  stages  existed  between  the  Turbot  and 
Halibut-or  Plaice-groups,  and  is  at  once  disposed  of  if  such  transitional 
stages  are  found.  In  the  preceding  pages  it  has  been  shown  that  the 
Ci^arus-group  intervenes  between  the  Halibut-and  Turbot-groups,  and 
that  the  transitional  foims  are  all  present  in  the  existing  fauna.  It 
becomes  necessary,  then,  to  take  a  broad  sui-vey  of  the  various  characters 
in  order  to  display  their  gradual  transition  from  the  one  group  to  the 
other,  and  this  can  be  most  readily  accomplished  by  following  the 
geographical  distribution  of  the  various  sub-families. 

Beginning  in  the  noi-thei-n  parts  of  the  northern  hemisphere,  and 
restricting  attention  mostly  to  the  European  forms,  we  find  that  the 
Hippoglossime  are  the  sole  representatives  of  the  flat-fishes  in  the  extreme 
north.  It  is  there  that  we  find  the  nearest  approximation  to  the  round- 
fishes  in  species  which  have  the  eye  of  the  blind  side  on  the  ridge  of  the 
head.  Closely  allied  to  these  we  find  other  species,  e.g.  the  Halibut, 
which  have  a  broader  or  deeper  body,  and  both  eyes  on  one  side  of  the 
head.  The  chief  characters  of  these,  according  to  the  foregoing  classifica- 
tion, are  the  large  and  nearly  symmetrical  mouth,  the  symmetrically- 
placed  ventral  fins,  the  eyes  on  the  right  side  of  the  head,  and  the 
lamellar  type  of  olfactory  organ.  As  we  approach  nearer  to  the  coasts 
of  northern  Europe  we  find  another  form  making  its  appearance,  which 
only  differs  essentially  from  the  above  in  the  shape  of  its  mouth.  This 
second  form — the  Plaice-group — differs  from  the  former  in  having  a 
smaller  mouth,  which  is  twisted  towards  the  under  side.  A  further 
difference,  slight  in  itself  but  of  some  significance,  is  the  more  anterior 
position  of  the  anterior  extremity  of  the  dorsal  fin. 

The  Halibut  and  Plaice-groups  are  found  together  in  the  northern 
portions  of  the  temperate  I'egion,  the  latter  extending  further  south 
than  the  former,  but  as  we  proceed  towards  the  wanner  regions  of  the 
tempei*ate  zone  both  groups  decrease  in  number  to  the  vanishing  point, 
and  we  find  their  places  taken  by  forms  which  have  undergone  some 
remarkable  changes.  The  asymmetry  of  the  flat-fish,  which  in  the  above 
groups  was  restricted  to  the  bones  round  the  eyes  and  mouth,  now 
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passes  backwards  to  the  body,  and  both  the  pectoral  and  ventral  fins 
begin  to  degenerate.    Those  of  the  eyeless  side  grow  smaller  than  those 
of  the  eyed  side,  and  in  the  end  do  not  develop  at  all.     As  might  be 
imagined   from   their  relative   positions,  the  ventral  fins  display  the 
various  stages   in   specialisation   much   better  than  the  pectorals  do, 
although  we  can  trace  the  specialisation  alon^  both  lines  in  separate 
groups.     Following  firstly  the  fate  of  the  ventrals,  we  find  that  the 
ventral  fin  of  the  eyed  side  pushes  forward  in  front  of  its  fellow  until 
it  reaches  and  is  joined  on  to  the  base  of  the  clavicles.     This  forms  a 
well-marked  stage  limiting  off  the  Ciiha/rua  from  the  Turbot-group,  and 
is  accompanied  by  other  characters  which  display  its  differentiation  from 
the  Halibut-group.     Not  only  is  the  asymmetry  of  the  Hippoglossua- 
type  increased,  but  the  type  itself  seems  to  be  wavering  in  the  balance. 
In  the  Halibut-group  the  eyes  are  almost  invariably  on  the  right  side,* 
in  the  species  of  the  CUharus-grou^  the  eyes  may  be  either  on  the  left  or 
right  side,  but  most  frequently  on  the  left,  f     This  peculiar  phenomenon 
seems  to  be  connected  with  some  changing  element  in  the  environment. 
In  the  Flounder  (P.Jleaus),  for  example,  whose  young  migrate  at  an  early 
stage  from  salt  to  fresh  water,  and  in  which  the  eyes  are  normally  on 
the  right  side  as  in  the  other  species  of  the  Plaice-group,  we  find  that 
from  six  to  ten  per  cent,  of  the  individuals  on  certain  gi*ounds  may  have 
their  eyes  on  the  left  side.     Why  this  change  shotdd  occur  in  some 
individuals  and   species  and   not  in   others  is  still  a  mystery,    but 
meanwhile  we  may  note  that  it  is  a  characteristic  of  the  Hippoglosso- 
bothinse. 

Another  great  change  from  the  Halibut  type,  whose  meaning  and 
importance  are  not  yet  clear,  occurs  in  the  olfactory  organ.  It  is  some- 
what difficult  to  imagine  any  transitional  stage  between  the  lamellar 
form  of  olfactory  epithelium  and  the  rosette-shape  form,  but  we  may 
possibly  yet  find  that  both  forms  occur  within  the  bounds  of  one  of  the 
transitional  genera,  e.g.  ParalichUiya,  which  is  the  most  nearly  allied  to 
the  Halibut-group.  On  the  other  hand,  one  might  think  that  the 
rosette-shaped  form  was  of  greater  physiological  importance  than  the 
other,  and  we  can  thus  understand  its  universal  prevalence  amongst  the 
forms  of  the  sub-temperate  and  tropical  seas,  where  the  eyes  have 
degenerated  and  the  sense  of  smell  is  the  chief  means  of  detecting  food. 
These  are  problems  for  the  future,  however ;  at  present  it  is  only 
possible  to  point  out  their  significance. 

The   Ciiharua-gvow^   appears  to   have    sprung    directly     from   the 
Eippoglossinie.      In  the  European  fauna  we  have  only  one  representa- 
tive of  the  group,  namely   Ciihwni^  {Hippoglossii^  of  Cuvier,  11),  but  in 
the  American  fauna  the  transitional  stages  are  more  in  evidence,  from 
Paralichthya  with   the  venti*al   fins  as  in   the  Halibut-group,  through 
Paeudorhomb^iSf  in  which  the  ventrals  are  close  to  the  base  of   the 
clavicles,  to  ITemirhomhKS  and  CUhai*ichthy8^  in  which  the  ventral  fins 
have  become  slightly  asymmetncal,  but  are  still  behind  the  clavicles  as 
in  Citha9ni8.     With   regard  to  distribution,  also,  the  American  forms 
range  further  to  the  north  than  CithancSy  overlapping  the  hippoglossoid- 
forms.      As  a  sub-family  this  group  has  the  widest  range  of  any.      Its 
altered  hippoglossoid  charactei*H  make  it  well  adapted  to  the  warm  seas, 
and  it  ranges  all  round  the  globe  within  the  tropical  and  sub-temperate 
zones  of  the  southern  apparently  as  well  as  of  the  northern  hemisphere. 

*  Jordan  (33,  p.  2615)  cites  Ilippoglosmcffs  efcusodon  as  being  sometimos  sinistral. 

t  The  only  writer,  to  my  knowledge,  who  has  examined  any  specimens  of  Cithurui 
itself  with  the  eyes  on  the  right  side,  is  Linneus  (85,  p.  1233).  There  he  describes  his 
genus  LinguoJtulaf  which  apparently  applies  to  C,  Unguatnlaf  as  now  known,  as 
Pleurojiecta  oculis  a  dutra. 
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Thus  far  we  have  traced  one  of  the  main  lines  of  descent  from  the 
Halibut-group  from  the  Arctic  Seas  to  the  tropics.  There  is  still 
another  main  line,  but  before  proceeding  to  its  discussion  it  is  necessary 
to  I'efer  to  a  sub-branch  or  offshoot  which  has  sprung  from  the 
Hippoglosso-bothinflB.  This,  the  Turlx)t-group,  has  the  essential 
chaitusteristics  of  the  former,  and  has  varied  from  it  through  the  eyes 
becoming  definitely  fixed  on  the  left  side,  and  through  the  ventral  fin  of 
the  eyed  side,  or  both  fins,  developing  foi*wards  anterior  to  the  base  of 
the  clavicles.  This  group  belongs  almost  exclusively  to  the  northern 
hemisphere,  the  various  genera  having  migrated  northwards  from  the 
sub- temperate  and  tropical  regions — the  original  home  of  the  group. 
The  northern  forms,  the  Turbot,  Whiff,  and  Topknots,  show  that  they 
have  become  specialised,  so  that  if  we  wish  to  retrace  their  aifinities  we 
must  return  through  the  Brill  to  AmoglossiiSy  and  thence  to  Citkarus, 
It  is  of  interest  to  note  also  that  whilst  the  Hippoglosso-bothime  have 
remained  predominant  in  tlie  American  fauna,  and  the  Turbot-group  is 
barely  represented  there,  the  reverse  is  the  case  in  the  European  fauna. 
The  Hippoglosso-bothinje  are  represented  by  only  one  form,  and  the 
Turbot  group  is  predominant. 

The  second  main  line  of  descent  from  the  Halibut-gi'oup  passes  down- 
ward through  the  Plaice-group  to  the  Soles.     This  at  least  is  one  of  the 
sources  from  which  the  Soles  have  sprung,  and  it  is  represented  mostly 
by  the  European  Soleina).      In  these  the  ventral  fins  are  symmetrical, 
and   the  eyes  are  on  the  right  side  as  in  the  Pleuronectinse.      The 
specialisation    within   this   sub-family   displays   itself   in    the   gradual 
decrease  in  size  of  the  pectoral  fins  {Jfic7'ochirii8\  and  the  disappearance 
of  the  pectoral  of  the  left  or  eyeless  side  {Monochif^iis).     Accompanying 
these  external  changes  is  an  internal  change  in  the  structure  of  the 
abdominal  vertebrce,  which  is  found  also  in  the  transitional  forms  of  the 
Hippoglosso-rhombinse  and  Rhombinae.  The  posterior  abdominal  vertebrse 
bearh£emapophyses,and  the  first  interhaemal  spine  decrejises  greatly  in  size. 
In  these  respects,  therefore,  as  well  as  in  the  form  of  the  olfactory  organ, 
the  Soleinse  display  affinities  to  the  Citharas  and  Turbot-gi-oups,  whilst  in 
the  structure  of  the  mouth,  position  of  the  eyes,  and  symmetry  of  the 
ventral  fins  they  are  more  nearly  related  to  the  Plaice-group.    It  is  thus 
impossible  to  draw  a  hard  and  fast  line  between  the  separate  groups, 
although  the  probability  is  in  favour  of  this  group  of  Soles  having  sprung 
from  the  Plaice-group.    The  similarity  of  the  olfactory  organ  and  of  the 
abdominal  vertebrje  in   CWuirus,  PlcUophrySy  and   the  Soleinse  is  the 
sign  of  a  cei*tain  amount  of  similarity  in  the  habits  and  sun-oundings  of 
these  genera,  whilst  the  other  chai-acters  seem  to  be  the  persistent 
inheritance  from  the  more  northern  Plaice -group.    If  this  were  not  the 
case,  we  should  expect  that  these  characters — the  position  of  the  eyes 
and  of  the  ventrals — would  also  have  changed.      The  forms  which  ai-e 
allied  to  the  plaice  group  are  distributed  chiefly   in  the  tropical  and 
sub-temperate  zones,  in  the  Indian  Ocean  {Sipmptura)^  and  Mediter- 
ranean, but  a  few  species  range  as  far  north  as  the  Scandinavian  coasts 
{Solea  vulgaris). 

On  the  other  hand,  the  American  Soles  seem  to  have  sprung  from  the 
Hippoglosso-rhombinae.  The  venti-al  fins  are  here  asymmetrical,  and  the 
eyes  are  on  the  left  side.  They  do  not  seem  to  range  to  the  northward 
as  the  European  Soles  do,  but  towards  the  south  into  tiie  tropical 
regions.  As  in  the  latter  sub-family,  the  pectorals  in  the  Achirinte 
(American  Soles)  gi'adually  degenerate  until  they  finally  disappear. 

Tlio  specialisation  of  structures  which  is  found  in  the  Soleinse  and 
Achirinse  i*eaches  the  culminating  point  in  the  Oynoglossince.  The 
pectorals  and  one  ventral  disappear,   the  eyes  have  become  very  small, 
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and  the  termination  of  the  vertebral  column,  continuing  what  had  only 
begun  in  the  previous  sub-families,  has  assumed  an  axial  form  and 
become  diphy cereal.  The  distribution  of  this  sub-family  is  similar  to 
that  of  the  tropical  forms  of  the  two  preceding  sub-families,  and  it  is 
difficult  to  say  from  which  of  these  two  the  CynoglossinfiB  have  been 
derived,  probably  from  both. 

Thus  far  it  has  been  possible  to  pass  over  in  review  the  various 
groups  of  the  flat-fishes  which  are  found  between  the  Arctic  Seas  and 
the  tropics.  It  has  been  assumed  that  their  primitive  home  was  in 
the  former  regions,  and  that  the  various  changes  in  structure  which 
present  themselves  as  we  pass  from  the  one  end  to  the  other  are 
specialisations  or  adaptations  to  special  habits  and  habitats.  Since  the 
series  from  the  least  to  the  most  specialised  is  fairly  well  complete,  we 
might  think  that  all  the  fonns  that  could  occur  must  lie  somewhere 
within  the  groups  which  have  already  been  described.  In  reidity,  how- 
ever, we  may  have  little  more  than  half  of  the  story,  and  the  few  forms 
yet  known  from  the  temperate  regions  of  the  southern  hemisphere 
make  this  very  probable.  Passing  over  the  aberrant  Lepidopsetta 
(MaiicopseUa)  of  South  America,  which  is  at  present  an  isolated  "  fact," 
we  have  the  Solei-Pleuronectinte  of  the  southern  Australasian  fauna, 
which  display  some  remarkable  transitional  characters.  They  have 
been  recognised  by  Jordan,  even  from  the  external  characters,  as  having 
certain  resemblances  to  the  Pleuronectince,  and  this  resemblance  is  still 
fui-thei*  increased  by  the  fact  that  they  have  the  same  type  of  olfactory 
organ.  In  other  characters — structure  of  the  ventral  fins  and  of  the 
abdominal  vei*tebr« — they  resemble  Platophrya  of  the  Turbot-group  and 
the  AchiriiuB  amongst  the  Soles. 

One  may  readily  imderstand  how  the  asymmetry  of  their  ventral  fins 
may  have  arisen,  on  the  principle  aforementioned  that  this  as^noimetry 
is  chiefly  a  persistent  inheritance  from  a  tropical  ancestor,  but  their 
having  the  type  of  olfactory  organ  which  is  found  only  in  the  temperate 
and  Arctic  regions  of  the  nortliern  hemisphere  is  harder  to  explain. 
There   seem   to  be   but  two  possibilities — either  that  some  of    the 
species  which    have  made  their  way  from  the  northern   hemisphere 
through  the  ti*opics  have  retained  this  form  of  olfactory  organ  through- 
out, or  that  the  olfactory  organ  has  again  changed  in  the  temperate 
regions   of   the   southern   hemisphere  from  the  rosette-shai>ed  to  the 
lamellar  fonn,  just  as  it  changed  in  the  reverse  direction  in  the  northern 
hemisphere.*   Sufficient  knowledge  has  not  yet  been  gained  to  enable 
one  to  say  definitely  which  of  these  possibilities  is  the  coiTect  one.      On 
the  former  we  should  expect  to  find  intermediate  forms  which  have  the 
lamellar  fonn  of  olfactory  organ,  in  the  regions  between  Australia  and 
the  China  Sea.     If  these  are  not  to  be  found,  we  should  be  inclined  to 
believe  that  these  forms  sliow  a  specialisation  away  from  the  Sole-type  ; 
i.e.,  in  an  environment  similar  to  that  of  the  temperate  regions  of  the 
northern  hemisphere,  that  the  Sole  t3rpe  is  gradually  changing  to  the 
Pleuronectid.      In  such  a  case — and  Brachypleura  of  the  same  regions 
is  another  example  of  the  same  process — we  are  led  to  think  of  Murray's 
hypothesis  of  the  bipolar  origin  of  the  oceanic  fauna  (41),  and  its  more 
recent  discussion  by  Herdman  (24)  and  Thompson  (53).     If  it  is  possible 
for  the  structures  of  the  flat-fishes  so  to  alter  as  they  pass  from  the 
tropics  to  the  Antarctic  circle  that  they  reassume  in  many  ways  a  similar 
appearance  and  similar  structures  to  those  in   similar  regions  of  the 
northern  hemisphere,  then  it  is  not  difficult  to  see  how  a  false  appear- 
ance of   identity  may  arise   between   the  forms  of  the  Arctic  and 
Antarctic  seas. 

*  See  footnote  p.  361 
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The  subjoined  sketch  represents  the  distribution  and  the  affinities  of 
the  various  sub-families  of  the  ffeteraaomata,  the  darker  portions  of  the 
lines  showing  where  each  is  most  abundant,  and  the  dotted  b'nes  show 
the  doubtful  affinities. 
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DESCRIPTION  OF  PLATES  (XI.-XII.) 

Fig.  1.  Pieuronecteitpla(e*tJia;  viewed  from  in  front,  to  show  relative  positions 
of  dorsal  fin  (D.)  and  nasal  organs  (l.n.o.  and  r.n.o.). 

Fig.    2.   HippogloHsus  mdgainji :  do. 

Fig.    3.  Rhombus  nutximwi :  do. 

Fig.    4.  Solea  kieinii ;  do. 

Fig.  5.  IIip}x>*jloiiMis  vulyan-'i ;  to  show  olfactory  organ  (o.o.)  of  right  (or  eyetl) 
side  and  nasal  sacs  (r.n.s.  and  Ln.s.).  The  lamina;  of  the  sensory 
epithelium  are  arranged  longitwlinall}'  to  the  main  axis  of  the  Ixxly. 

Fig.  6.  Rhombus  mfiximiis  :  olfactory  organ  of  left  (or  eye<l)  side.  The  lamina* 
are  arranged  transversely  to  the  main  axis  about  a  longitudinal  rachis. 

Fig.  7.  Sofea  ia<*cain,t ;  olfactory  organ  of  Ujft  (or  blind)  8i<le.  The  olfactory 
laminae  are  arrange<l  longitudinally,  the  mwlian  rachis  transversely, 
to  the  main  axis. 

Fig.  8.  Rhombtis  tncucimKn  :  abdominal  and  five  of  the  caudal  vertebne,  showing 
the  unclosed  nature  of  the  ribs  (p.r.)  and  parai)ophyses  (p.p.),  the 
transvei-se  processes  of  tiie  caudal  vertebroe  (t.p.)  continuing  nito  the 
" ploui-a-pophyses "  (p.p.)  of  the  abdominal  vertebra;,  and  the  first 
interh(cmal  spine  curved  forward  at  its  exti'emity  and  continued  by 
two  small  poilions  of  cartilage,  so  that  the  abdominal  cavity  is  almost 
completely  enclosed. 

Fig.  9.  Solea  vuiyaris ;  abdominal  and  four  of  the  caudal  vertebra*.  The  haemal 
arches  are  closeil  (h.p.),  the  transverse  processes  of  the  caudal  vertebra^ 
are  continued  by  true  transverse  processes  on  the  abdominal  vertebne. 
There  is  no  single  first  interhwmal  spine,  but  a  group  of  four.  These, 
and  not  the  "  haemapophyses,"  mark  the  commencement  of  the  caudal 
vertebra?. 

Fig.  10.  Solea  imlgaris ;  third  last  alnlominal  vertebra.  The  hsmal  arches  are 
completely  fu8e<l  to  form  haemapophyses. 

Fig.  11.  RhombtiB  maximus ;  third-last  alxlominal  vertebra.  The  haemal  arches 
and  ribs  are  free. 

Fig.  12.  Rhomhoidichthys  manais  :  third-last  abdominal  vertebra.  Heemal  arches 
as  in  S.  imlgaris. 

Fig.  13.  Citharus  linguattUa ;  termination  of  vertebral  column. 

Fig.  14.  SoLta  vtUgaris ;  do. 

Fig.  15.  Ibid.  ;  from  post-larval  specimen  ;  do. 

Fig.  16.  Rhombus  maximtuf ;  do. 

Fig.  17.  Ammopleurops  la^eus ;  do. 
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Fig.  18.  Pleuronectes  platesaa  ;  pectoral  arch  of  right  or  eyed  side  from  its  inner 
aspect,  showing  the  ventral  tins  (V. )  lying  posterior  to  the  base  of  the 
clavicles  (cl.). 

Fig.  19.  Hhamhuj*  maximwi ;  pectoral  arch  of  left  or  eyed  side  from  its  inner  aspect, 
showing  the  cartilaginous  anterior  extension  (c.V.)  of  the  laminar  por- 
tion (l.p.)  of  the  piibic  bone  (p.),  the  urohyal  (u.)  to  which  it  extends, 
and  the  consequently  prolonged  anterior  position  of  the  ventral  fins 
(V.)  relative  to  the  base  of  the  clavicles  (cl.). 

Fig.  20.  ScophthcUmua  norrtgiriM  ;  pectoral  arch  of  risht  or  blind  side  from  its 
inner  aspect,  showing  a  further  specialisation  of  condition  found  in 
B.  maximwi ;  the  puoic  bone  (p. )  has  its  origin  from  the  base  of  the 
clavicle  (cl.),  and  the  ventral  fins  (V.)  are  directly  under  the  anterior 
extension  of  the  urohyal  (u.). 

Fig.  21.  Citharus  liiigiuUuJa  ;  pectoral  arch  of  the  right  or  blind  side  from  its 
outer  aspect,  showing  the  adnate  position  of  the  pubic  bone  (p. )  and 
ventral  fin  ( V.l. )  of  the  left  or  eyed  side  to  the  clavicles  (cl. ) ;  both 
pubic  bones  and  ventral  fins  are  posterior  to  the  clavicles,  and  those  of 
the  right  or  blind  side  (V.r.)  are  siightly  posterior  to  those  of  the  left 
(V.l). 

Fig.  22.  Iltid. ;  pubic  bones,  viewed  slightly  from  ventral  aspect,  showing  their 
relative  positions  and  their  fusion  posteriorly  in  a  spine. 

Fig.  23.  A  nwijloHnxia  lattrna  ;  i)ectoral  arch  of  the  left  or  eyed  side  from  its  inner 
aspect,  showing  the  transition  from  Citham-t  to  aothus;  the  left  ventral 
(v.l.)  is  prolonged  in  advance  of  the  base  of  the  clavicle  (cl.),  whilst  the 
ri^ht  ventral  (V.r.)  stops  short  at  the  base  ;  the  rays  of  the  former  are 
widely  separated  from  one  another  as  in  the  turbot,  those  of  the  latter 
are  close  together  as  in  Citharus. 

Fig.  24.  jS'o^ea  vtUgarit ;  pectoral  arch  of  right  side  from  its  inner  aspect,  showing 
the  short  clavicle  (cl.)  and  the  posterior  position  relative  to  it  of  the 
pubic  bone  (p. )  and  ventral  fin,  which  is  attached  by  a  ligament  only  to 
the  urohyal  (u.). 


REFERENCK  LETTERS. 


A. — anal  fin. 

a. ,,a.^ — articulating    facets    on    po«l- 

temporal. 
c  — continuation    of     first    interhaemal 

spine, 
cl.  — clavicle. 
CO. — coracoid. 

c.V. — cartilaginous  continuation  of  l.p. 
D. — dorsal  fin. 
e. — ethmoid, 
ep. — epiural. 
f. — frontal. 

hy.,  hy.  S  hy.'' — hypural  elements, 
h.  p.  — haimapophyses. 
i.s. — first  interhiemal  spine, 
l.n.o. — left  nasal  organ, 
l.n.s. — left  nasal  sac. 
1.  — ligament. 

l.p.— -laminar  portion  of  pubic  bone, 
m. — maxilla, 
n. — nasal  bone. 
11.8. — nasal  sac. 
o.o. — olfactory  organ. 


pa. --palatine. 

p. — pubic  bone. 

p.  c.  — post-clavicle. 

pm.  — premaxilla. 

p.l. — left  pubic  bone. 

p.  p.  — parapophyses. 

p.  r.-  primary  ribs. 

p.  t.  — post-temporal. 

r.n.o. — right  nasal  organ. 

r.n.s. — right  nasal  sac. 

sc. — scapula. 

s.  c.  — supra-clavicle. 

s.p. — spinous  process  on  pubic. 

s.  terminal  piibic  spine. 

s.r. — secondary  ribs. 

t. — turbinal. 

t.p. — transverse  process 

u.  — urohyal. 

ur. — urostyle. 

V. — ventral  fin. 

V.l. — left  ventra 

V.r. — right  ventral. 
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X.— ADDITIONAL  NOTE  ON  THE  SURFACE-CURRENTS  OF 

THE  NORTH  SEA. 

By  T.  Wemyss  Fulton,  M.D.,  F.R.S.E.,  Scientific  Superintendent. 

In  the  Fifteenth  Annual  Report  of  the  Board  I  described  in  detail  the 
experiments  devised  by  me  to  ascertain  the  direction  and  rate  of  the 
surface-currents  in  the  North  Sea,  and  "the  results  obtained  up  to  the 
beginning  of  1897.  The  method  adopted  was  to  set  adrift  a  large 
number  of  floats  (chiefly  bottles)  at  brief  intervals  over  a  long  period  and 
at  various  localities,  and  to  collate  the  results  derived  from  those 
that  were  recovered.  Up  to  the  time  mentioned  the  number  of  "  drifters '' 
which  had  been  returned  to  me,  out  of  some  3550  which  were  made  use 
of,  was  502.  Since  then  an  additional  132  have  been  received,  making 
a  total  of  634,  or  nearly  18  per  cent,  of  those  thrown  into  the  sea.  The 
*'  drifters  **  were  of  two  kinds,  paraffined  wood  and  sealed  bottles ;  and 
the  statement  previously  made  that  the  bottles  proved  far  superior  to  the 
other  kind  is  borne  out  by  the  further  experience,  since  all  of  the  132 
since  recovered  were  bottles.  About  30  per  cent,  of  the  bottles  made  use 
of  were  recovered. 

The  places  where  the  132  referred  to  weru  found  were  as  follows  : — 
Scotland  7  (5  at  the  Shetlands,  1  at  the  Orkneys,  and  1  recovered  by  a 
trawl  net  east  of  May  Island) ;  England  1,  on  the  coast  of  Northumber- 
land ;  Germany  (west  coast  of  Schleswip)  6 ;  Denmark,  west  coast,  49  ; 
Sweden,  west  coast,  16  ;  Norway,  53.  None  were  received  from  Holland, 
and  those  from  Norway  were  found  on  various  parts  of  the  coast,  from 
the  entrance  to  Christianiaf  jord  to  the  North  Cape.  When  the  previous 
results  are  combined  we  have  the  following : — 


England. 

Holland. 

Germany. 

Denmark. 

I 
Sweden. 

Norway. 

46 
53 

95 
1 

5 

4 

6         1 

57 
49 

6 
16 

96 

5 

10         , 

1 

106 

22       1 

99 

As  may  be  SQpn  from  the  Tables  appended,  the  great  majority  were 
recovered  in  1897  ;  eight  were  recovered  in  1898,  and  two  in  November 
and  December  1899;  but  some  of  them  did  not  reach  me  until  the 
beginning  of  the  present  year. 

Many  of  the  bottles  found  belong  to  lots  of  which  others  were 
previously  obtained,  and  the  additional  information  which  they  furnish 
may  be  considered.  Five  of  them  were  among  the  number  thrown  over- 
board by  H.M.S.  ReaeoA'chy  when  engaged  in  survey  work  in  the  Faroe- 
Shetland  Channel,  in  July  and  August  1896.  The  one  previously 
recovered  from  lat.  61°  V  N.,  long.  3°  13'  W.,  was  found  near  Lerwick, 
Shetland,  about  100  miles  to  the  south-oast,  in  December  1896,     One  of 

*  The  Currents  of  the  North  Sea,  and  their  RelatioQ  to  Fisheries,  Part  III.,  p.  334. 
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the  two  now  recorded  from  the  same  station  was  picked  up  at  Purkoen, 
Nordland,  Norway,  on  22nd  April  1897,  and  the  other  at  the  extreme 
northern  point  of  Norway,  viz.,  at  the  North  Cape,  on  29th  May  in  the 
same  year;  the  respective  intervals  being  266  and  312  days.  The 
distance  to  the  North  Cape  is  about  900  geographical  miles,  and  the  rate 
of  drift  was  about  2*9  knots  per  day.  Of  the  floats  thrown  in  on  4th 
August  1896,  in  lat.  61^  18J  N.  and  long,  i"*  2U  W.,  one  was  recovered 
after  a  short  interval  at  Shetland  ;  another  was  obtained  on  3rd  August 
1897,  or  exactly  a  year  later,  at  Bodo,  in  Helgeland,  Norway.  Of  those 
set  adrift  in  lat.  60*  2'  N,  long.  7"*  4' W.,  on  6th  August,  1896  five  were 
recovered,  two  at  Shetland,  and,  still  earlier,  three  on  the  coast  of 
Norway.  Of  the  two  since  obtained,  one  was  got  at  Yeiholmen,  Romsdal, 
Norway,  on  4th  November  1897  (after  an  interval  of  465  days),  and  the 
other  on  14th  March  I898,*at  Mousa,  Shetland,  where  it  had  doubtless 
been  stranded  long  before. 

By  the  aid  of  Mr.  R.  Duthie,  Fishery  Officer,  a  number  of  other 
bottles  were  set  adrift  on  the  17th  January  1897,  from  the  8.s.  aS'^.  GUeSj 
at  distances  of  50  and  100  miles  S.S.W.  of  Bressay  Light,  Shetland.  Of 
the  former  lot  (ten  in  number)  three  were  recovered  on  the  coast  of 
Norway,  in  October  and  November  1897,  and  February  1898.  One  of 
these  was  found  at  Ingoen,  Finmarken,  near  the  North  Cape,  after  an 
interval  of  297  days ;  the  distance  is  about  800  miles,  and  the  rate  of 
drift  in  this  instance  is  about  2*7  knots  per  24  hours.  Four  of  the  ten 
set  adrift  at  the  second  place  were  also  recovered — one,  after  240  days, 
near  the  Skaw,  Denmark;  another,  after  241  days,  near  Christiansand, 
S.  Norway ;  the  third,  after  310  days,  also  near  Christiansand,  and  the 
fourth,  on  5th  February  1898,  still  further  to  the  north-east,  near  Kragero, 
S.  Norway. 

Of  those  set  adrift  further  south,  one  has  been  returned  to  me  after  the 
long  interval  of  five  years  (1840  days) ;  it  was  thrown  into  the  sea  eight 
miles  off  Buchan  Ness,  Aberdeenshire,  on  5th  November  1894,  and 
found  on  Froya,  near  Trondhjem,  Norway,  on  the  20th  November  1899. 
It  had  no  doubt  been  lying  there  for  years,  because  of  other  four  of  the 
20  bottles  set  adrift  at  the  same  time  which  were  recovered,  three  were 
picked  up  in  December  1894,  two  near  Trondhjem,  and  one  at 
Brandesand,  near  Bergen ;  the  fourth  was  found  at  the  Fro  Islands,  also 
near  Trondhjem,  in  December  1895.  It  is  curious  that  all  of  them  were 
got  in  the  months  of  November  or  December.  Another  bottle,  put  away 
in  the  Moray  Firth  on  2nd  August  1895,  was  found  on  17th  December 
1899,  after  an  interval  of  1597  days,  at  Mandal,  in  the  south  of  Norway. 
Other  two  of  the  same  lot  (ten  in  number)  were  picked  up  in  the  same 
locality  in  November  1895. 

In  many  cases  the  results  of  the  experiments  illustrate  in  a  marked 
manner  the  views  expressed  in  my  previous  paper,  as  to  the  general 
direction  of  the  surface-currents  in  the  North  Sea ;  and  they  show  the 
necessity  of  conducting  such  observations  with  a  large  number  of  floats. 
For  instance,  of  twenty  bottles  set  adrift  on  22nd  July  1896,  ten  at  the 
Bell  Rock  Lighthouse,  and  ten  10^  miles  S.£.  of  Bervie,  Kincardineshire, 
three  were  recovered  on  the  Norwegian  coast;  one  on  1st  April  1897 
(after  252  days),  south  of  Stavanger,  one  on  15th  May  1897  (after  297 
days),  near  Bergen,  and  one  at  Engel  Island,  Nordland  (very  much 
further  to  the  north),  on  1st  November  1897,  after  467  days.  These 
facts  taken  alone  would  point  to  a  movement  northwards  from  the  region 
where  the  bottles  were  set  adrift.  But  the  previous  records  show  that 
the  bottles  first  of  all  moved  south  along  the  east  coast  of  this  country, 
because  others  were  found  on  the  coast  of  Fife  and  East  Lothian  a  few 
weeks  after  they  had  been  sent  on  their  journey,  and  one  on  the  coast  of 
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Northumberland  still  later.  The  same  result  is  shown  iu  other  cases.  Of 
ten  set  adrift  on  the  same  date,  22nd  July  1896,  four  miles  sout^h-east  of 
Buchan  Ness,  Aberdeenshire,  two  were  picked  up  at  sea  a  few  days  later 
(15  and  24  miles  S.E.  of  Aberdeen),  and  other  three  on  the  coast  of 
Northumberland,  49,  51,  and  57  days  afterwards.  On  5th  May  1897 
(287  days)  one  was  found  near  Hantsholm,  on  the  north-west  coast  of 
Denmark,  and  another  on  3rd  August  1897  (after  377  days)  between 
Mandal  and  Christiansand  on  the  south  coast  of  Norway.  Of  ten  put 
adrift  on  the  same  date,  8  miles  N.N.E.  of  Scaruose  Point,  Banffshire, 
two  were  picked  up  on  the  adjoining  coast  to  the  south,  a  few  days  later ; 
another  was  found  floating  in  the  sea  65  miles  N.E.  by  E.  of  Spurn  Point, 
Yorkshire,  on  3rd  December  1896,  after  an  interval  of  134  days;  and  a 
third  was  got  near  Stromstad,  in  the  north  of  the  west  coast  of  Sweden, 
on  21st  October  1897,  after  456  days.  In  another  case  where  ten  bottles 
were  set  adrift  on  13th  October  1896,  5  miles  south-east  of  Girdleness, 
Aberdeenshire,  one  was  found  at  Whitby,  in  Yorkshire,  172  miles  to  the 
south,  after  an  interval  of  100  days;  another  was  found  on  16th  May 
1897, after  215  days,  at  Sondervig,  on  the  west  coast  of  Denmark;  a 
third  on  11th  July  1897,  after  271  days,  at  Romo,  Schleswig;  a  fourth 
on  6th  August  1897,  after  297  days,  near  Varde,  on  the  southern  part  of 
the  west  coast  of  Denmark ;  and  a  fifth  on  7th  July,  after  267  days,  on 
the  west  coast  of  Sweden. 

Advantage  was  taken  of  the  ordinary  steamer  routes  from  the  Firth  of 
Forth  to  the  Continent  to  sot  off  drifters  at  various  parts  of  the  North  Sea, 
and  the  results  of  many  of  those  are  included  in  the  Tables.  The  lines 
chosen  were  fronj  Leith  to  the  Naze  of  Norway,  Leith  to  Hamburg,  and 
Leith  to  the  Hook  of  Holland.  Along  the  first-named  lines,  the 
particulars  that  fall  within  the  present  paper  are  as  follows : — On  21st 
August  1896,  a  number  of  floats  were  thrown  overboard  at  intervals 
between  the  Isle  of  May  and  the  Naze.  Up  to  the  distance  of  100  miles 
E.  \  S.  of  the  Isle  of  May,  several  of  those  set  adrift  were  recovered  on 
the  coast  of  Northumberland,  after  periods  which  increased  according  to 
the  distance  from  the  May,  ranging  from  21  to  161  days.  Since  then 
others  have  been  recovered  on  the  coast  of  Denmark  and  Sweden — 
namely,  two  on  the  coast  of  Denmark,  near  Nymindegab,  after  intervals 
of  325  and  340  days,  and  two  near  Stromstad,  on  the  west  coast  of  Sweden, 
on  20th  and  26th  January  1898,  after  intervals  of  517  and  523  days. 
Of  those  put  out  on  this  voyage  at  a  distance  greater  than  100  miles  from 
the  Isle  of  May,  only  two  have  been  recovered ;  one,  set  adrift  at  130 
miles,  found  after  150  days  at  the  I^foton  Islands,  740  miles  distant, 
and  showing  a  drift  at  the  rate  of  4'9  geographical  miles  in  the  24  hours ; 
the  other,  set  adrift  at  250  miles,  found  also  on  the  coast  of  Norway,  much 
further  to  the  south  (Bommel  Island,  S.  Bergenhus),  after  an  interval  of 
55  days  and  showing  an  apparent  drift  of  2-6  geographical  miles  per  day. 

The  second  series  on  this  route  were  dispersed  on  the  23rd  October 
1896.  Two  of  those  set  adrift  50  miles  E.  ^  S.  from  the  May  Isle  were 
found  93  days  later  on  the  coast  of  Durham  ;  three  at  75  miles  were 
recovered,  one  after  326  days  on  the  west  coast  of  Denmark,  and  the 
other  two  on  the  west  coast  of  Sweden  after  the  lapse  of  341  and  428 
days  respectively.  Of  those  set  adrift  at  100  mUes,  none  have  been 
recovered  from  the  English  coast ;  one  was  found  at  the  Shetland  Isles 
153  days  (ifter,  one  on  the  west  coast  of  Denmark  after  263  days,  and  a 
third  near  Stavanger,  on  the  coast  of  Norway,  after  315  days.  The 
aberrant  case  of  the  Shetland  drifter  was  no  doubt  due  to  the  remarkable 
reversal  of  the  current  in  January  1897.* 

•  Ibid  p.  361. 
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The  third  series  was  thrown  into  the  sea  on  6th  November  1896.  Of 
the  five  bottles  put  away  at  10  miles  from  May  Isle  none  have  been 
returned  to  me.  Of  five  set  adrift  at  130  miles,  one  was  found  on  6th 
September  1897,  near  Bergen,  Norway ;  of  ^wt  at  150  miles,  one  was 
picked  up  after  118  days  at  Sulen,  Sognefjord,  Norway,  another  at  the 
same  place  four  days  later,  and  a  third,  after  129  days,  near  Slattero, 
Norway.  Two  of  the  five  set  adrift  at  250  miles  have  been  recovered ; 
one  at  Troenen,  Nordland,  Norway,  620  miles  away,  after  108  days 
(showing  a  drift-rate  of  5*7  geographical  miles),  and  the  other  at  Blomvag, 
near  Bergen,  after  an  interval  of  203  days. 

The  fourth  series,  sent  adrift  on  25th  and  26th  December  1896,  has 
given  much  fuller  results.  Of  120  bottles  used,  39  have  been  recovered, 
and,  with  the  exception  of  one  found  at  Shetland  (due  to  the  reversal  of 
the  current),  all  were  picked  up  on  the  coast  of  Norway  (32),  Denmark 
(2),  or  Sweden  (4) ;  the  earliest  to  be  found  were  those  put  away  at  250 
miles,  several  of  which  were  got  in  the  neighbourhood  of  Stavanger  within 
a  week.  Tho  nearest  point  to  May  Isle  at  which  the  bottles  were  set 
adrift  was  30  miles ;  two  of  these  were  recovered  on  the  west  coast  of 
Denmark  in  July  and  August  in  the  following  year ;  one,  a  little  later, 
at  Sulen,  Norway,  and  a  fourth  in  December  1897,  on  the  west  coast  of 
Sweden.  Of  the  twenty  set  adrift  at  100  miles,  four  have  been  recovered; 
one  at  Risor,  Norway,  on  30th  March  1897,  after  an  interval  of  96  days; 
one  near  Lysekil,  Sweden,  after  170  days  ;  one  near  Bergen,  Norway, 
after  186  days,  and  the  fourth  near  Stronistad,  Sweden,  on  20th  January 
1898,  the  interval  being  390  days.  Only  one  was  recovered  from  the 
lot  put  away  at  150  miles;  it  was  found  on  9th  April  1897  (after  104 
days)  at  Fetlar,  Shetland,  carried  there,  and  stranded,  by  the  reversed 
current  referred  to.  Ten  of  the  twenty  set  adrift  at  200  miles  were 
recovered,  all  found  on  the  Norwegian  coast  between  Sulen  Island,  N. 
Bergenhus,  and  Egersund,  and  mostly  about  Stavanger,  towards  the  end 
of  February  and  in  the  beginning  of  March,  after  intervals  of  from  56  to 
67  days.  Ten  were  also  recovered  of  the  twenty  at  250  miles  ;  nine  of 
them  in  the  same  area  as  the  above,  from  the  beginning  of  January  to  the 
middle  of  February,  the  periods  varying  from  six  days  to  55  days ;  one 
was  picked  up  much  further  north,  on  16th  April  1897,  after  111  days, 
near  Molde,  Romsdal.  Nine  of  the  twenty  put  away  at  300  miles,  or  a 
point  about  32  miles  west  of  the  Naze,  on  27th  December  1896,  were 
recovered,  all  on  the  Norwegian  coast.  Five  were  discovered  at  the  end 
of  February  in  the  neighbourhood  of  Bergen  and  Jsederen  ;  one  on  3rd 
March  (67  days),  near  Molde;  one  on  16th  April  (112  days),  near 
P^gersund,  S.  Norway ;  one  on  20th  J  uly  at  Riido,  Helgeland,  and  one  on 
30th  September  20  kilometres  south-south-east  of  Haugesund. 

On  the  route  between  the  Firth  of  Forth  and  Hamburg,  series  were 
set  adrift  on  15th  and  16th  August,  18th  October,  and  23rd  and  24th 
I)ecembor  1896.  In  the  August  series,  one,  put  away  at  13  miles  S.S.E. 
of  May  Isle,  was  found  on  19th  May  1897,  after  276  days,  at  Hillerslev, 
Denmark ;  one,  at  20  miles,  on  26th  June,  twelve  miles  east  of  Hants- 
holm,  Denmark ;  one  at  30  miles  27  days  later,  on  11th  September  1896, 
at  Blyth,  Northumberland,  and  another  of  those  at  30  miles,  on  29th 
June  1897,  after  317  days,  44  kilometres  north  of  Bergen.  Some  of 
those  put  away  at  130,  150,  and  200,  250,  and  300  miles  were  found  at 
intervals  of  from  44  to  200  days,  on  the  south  and  south-west  coasts  of 
Norway,  on  the  west  coast  of  Sweden,  and  the  Christianiafjord. 

Of  fifty  bottles  thrown  into  the  sea  along  this  route  on  18th  October 
1896,  17  were  recovered.  Four  of  the  five  set  adrift  at  20  miles  S.E. 
by  S.  of  May  Isle  were  stranded  on  the  Berwick  and  Northumberland 
coast  within  a  few  days ;  six  of  the  ten  at  30  and  50  miles  were  got  on 
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the  coast  of  Yorkshire  in  from  14  to  16  days;  one  at  70  miles  Was 
picked  up  on  the  coast  of  Northumberland  after  99  days  ;  one,  at  100 
miles,  was  found  at  Mano,  Jutland,  on  11th  August  1897,  after  297  days  ; 
two  at  130  miles  were  recovered,  one  on  the  coast  of  NorthumberlaJid, 
after  98  days — probably  brought  back  by  the  reversed  current — and  one 
on  30th  July  1897,  after  285  days,  on  the  Danish  coast.  One  from  each 
of  the  lots  set  adrift  at  150,  200,  250,  and  300  miles  (the  latter  point 
about  74  miles  west  of  Heligoland)  were  subsequently  found.  The  one 
from  200  miles  was  caught  in  a  trawl  net  100  miles  E.  by  N.  of  Spurn 
Point,  Yorkshire.  That  from  150  miles  was  got  on  the  Danish  coast  of 
the  Skagerack  on  28th  September  1897;  the  one  from  250  miles  was 
found  at  Ringkjobing,  on  the  west  coast  of  Denmark,  in  July ;  and  that 
from  300  miles,  at  Jsedern,  Norway,  on  26th  February,  after  131  days. 

In  the  December  series  1 20  bottles  were  used,  of  which  50,  or  nearly 
48  per  cent.,  were  recovered.  Seven  of  the  twenty  set  adrift  at  60 
miles  from  May  Isle  were  found  on  the  island  of  Sylt,  Schleswig,  on  the 
coast  of  Denmark,  and  the  west  coast  of  Sweden,  from  31st  July  to  30th 
August  1897,  the  periods  varying  from  221  to  251  days;  the  one  that 
went  furthest — to  the  Bohuslan  coast,  Sweden,  was  picked  up  after  240 
days.  Two  others  of  this  lot  were  got  later,  in  November  and  December, 
after  329  and  359  days,  at  the  mouth  of  the  Christianiaf jord.  Thirteen 
of  the  twenty  set  adrift  at  100  miles  were  recovered,  three  off  the 
Schleswig  coast  on  31st  July  and  12th  and  13th  August  1897,  and  the 
remainder  in  August  and  the  first  two  days  of  September,  on  the  west 
coast  of  Denmark.  Six  from  200  miles  were  found  ;  one  on  10th  April 
1897,  at  Sumburgh,  Shetland,  one  on  28th  October  on  the  Danish  shore 
of  the  Skagerack,  one  on  the  30th  of  the  same  month,  near  Stromstad, 
Sweden,  and  the  others  on  the  coast  of  Norway,  one  near  Bergen  on  19th 
September,  one  on  28th  October,  after  309  days,  further  north,  near 
Askevold,  N.  Berghus,  the  third  on  20th  March  1898,  near  Aalesund, 
Homsdal.  Of  those  set  adrift  at  250  miles,  seven  were  recovered ;  one, 
on  10th  August  1897,  at  Harboore  on  the  Danish  coast ;  two  on  the  west 
coast  of  Sweden  on  18th  September  and  28th  December;  and  the  others 
in  Norway  in  September,  October,  and  December,  between  Kragerb  and 
Udsire,  off  the  Bukkefjord.  Five  of  those  set  adrift  at  300  miles  were 
found  in  August  and  September  1897,  four  on  the  south  and  south-west 
coast  of  Norway,  and  one  on  the  west  cosist  of  Sweden.  Of  twenty  set 
adrift  at  350  miles — about  24  miles  west  of  Heligoland — ten  were 
recovered;  the  first  16  days  later  at  the  Horn,  Denmark;  two  others  in 
July  and  August,  also  on  the  Danish  coast ;  one  on  the  west  coast  of 
Sweden  in  August,  and  six  on  the  south-west  coast  of  Norway  in  May, 
June,  July,  November,  and  December  1897. 

The  results,  then,  of  this  further  information  as  to  the  surface-drift  of 
the  water  of  the  North  Sea  are  in  agreement  with  the  conclusions  stated 
in  my  previous  paper.  The  Atlantic  water  coming  into  the  North  Sea 
passes  down  the  east  coasts  of  Scotland  and  England  to  about  the 
neighbourhood  of  the  Wash ;  it  then  crosses  towards  the  coast  of 
Schleswig  and  Denmark  «and  passes  northwards  to  the  south  coast  of 
Norway,  and  thence  northwards  along  the  west  coast  of  Norway. 
Sometimes  it  passes  into  the  Skagerack  to  the  coast  of  Sweden  and  the 
Christianiafjord. 

The  value  of  the  above  drift-bottle  observations  is  discussed  in  a  recent 
work  by  Professor  Otto  Pettersson  of  Stockholm,  dealing  with  the  hydro- 
graphy of  the  North  Atlantic* 


*  Dio  h\'droffraphi»chen  Untersuchunffeu  dcs  Nordatlantischen  Ozoans  in  den  Jahren, 


1895-1896.     Petermunn's  iifoffr.  MUUil,  1900,  Heft.  1.,  II. 
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TABLE  SHOWING  PARTICULARS  OF  DRIFTERS. 


Date  and  Position  where  set  Adrift 

No. 

603 
604 
606 

Date  and  Position  where  Recovered. 

•Mini, 
mum 
Dis- 
tance 
travel- 
led in 
Geog. 

Milefi. 

Time 
between 
setting 

awav 
and  Re- 
coverj'. 

Days. 

Number 

viously 

Re- 
covered 
of  same 

Lot. 

Date. 

Number 

!-•  of 
iBotties. 

Position. 

Date. 

Position. 

1804. 
6  Nov. 

1895. 
2  Aug. 

1896. 
22  July 

20 
10 
10 

8  miles  S.E.  of  Buchan 
Ness, 

Station    VIII.,   Moray 
Firth, 

\   mUe   S.E.   of    Bell 
Rock, 

20  Nov. '99 

17  Dec    „ 

1  Nov.  "97 

Froya  Island,  S.  Trondh- 
Jem,  Norway, 

2  mUes  W.  of  Mandal, 
S.  Norway, 

Engel    Island,    Nord- 
land,  Norwo}', 

480 
320 

• 

1840 

1697 

467 

4 

2 
5 

»»    »» 

10 

10^  miles  S.E.  of  Ber- 
vie, 

606 

1  April 

II 

Jcderens  Rev,  21  miles 
S.  of  Stavanger,  Nor- 
way, 

280 

262 

1 

• 

• 

•             •             • 

507 

16  May 

M 

Blom.  Herlo,   5   miles 
from   Bergen,    Nor- 
way, 

310 

297 

• 

i»    »» 

10 

6  miles  S.E.  of  Qirdle- 
ness, 

506 

1  July 

II 

Near  Hirtshals  Light, 
Denmark, 

380 

344 

1 

••    >> 

10 

4  miles  S.E.  of  Buchan 
Ness, 

509 

5  May 

•  1 

Wangsaa,  8  miles  S.  of 
Hantsholm,        Den- 
mark, 

316 

287 

5 

• 

• 

•             •            • 

610 

3  Aug. 

f  1 

Udvaar  Oeme,  between 
OhriMtiansand      and 
Mandal,  Norway, 

285 

377 

• 

»»    »» 

10 

8  miles  N.N.E.  Troup 
Head,  Banffshire, 

511 

12  July 

II 

1  mile  (Danish)  S.  of 
Thy  boron  Kanal,near 
Harboore,  Denmark, 

330 

355 

3 

• 

• 

.             •            • 

612 

II      II 

II 

Near  Rinkjobing,  Den- 
mark, 

846 

355 

• 

i(    II 

10 

8  miles  N.N.E.  of  Scar- 
nose    Point,    Banff- 
shire, 

613 

21  Oct. 

>< 

8  miles  S.  of  Strdmstod, 
Hnstersund,  Sweden, 

430 

456 

3 

30   ., 

10 

Lftt.  610  1'  N.,  long.  Z^ 
13'  W., 

514 

22  April 

l« 

Purkden,  Vinjevaagen, 
Nordland,  Norway, 

700 

266 

1 

! 
II      •• 

1 

• 

•f        «•        <<        *» 

515 

29  May 

II 

Stappen  Island,  North 
Cape,  Norway, 

030 

312 

• 

4  Aug. 

15 

1 
1 

Ut.  61  •»  18J'  N.,  long. 
4«>2U'  W., 

516 

3  Aug. 

»» 

Rddo,  Helgi^land,  Nor- 
way, 

• 

365 

1 

6     „ 

:      20 

Lat.  e0«2'N.,long.  7*^ 
4'W., 

617 

14  Mar. 

"98 

Mousa    Inland,    Shet- 
land, 

200 

587 

6 

1 

1 
1 

1 

« 

fi        >»         »i         »» 

Between  May  Isle 
and  Hamburg. 

518 

4  Nov. 

'97 

Veiholmen,    Romsdal, 
Norway, 

420 

465 

• 

15    „ 

5 

13  miles  S.S.E.  of  May 
Isle, 

619. 

19  May 

•97 

Vlgsobugten,    Hillers- 
lev,  Denmark, 

• 

278 

s 

»i     •« 

5 

20  miles  S.S.E.  of  May 
Isle, 

520 

26  June 

i» 

12  miles  E.  of  Hants- 
holm,  Denmark, 

3.W 

30(i 

• 

»»          M 

I 

I         5 

1 

1 
1 

1 

30  miles  S.S.E.  of  May 
iBle, 

Between  May  lele  and 
the  Nate  of  Noncay. 

521 

29     „ 

II 

Sklaldoen,44kilonLN. 
from    Bergen,    Nor- 
way, 

360 

800 

1 

21   „ 

1 

5 

1 

10  miles  E.  i  8.  of  May 
Isle. 

522 

27  July 

II 

Husby,    Nymindegab, 
Denmark, 

320 

340 

2 

*Tlid  distance  stated  is  approximate. 


Pari  ITl.—Fiiihtmitk  Aiinwil  Report 
Table  sHoniNo  Particulars  of 


jiBj-  ri.u-. 

•U'lc^ib,  l>Mm.>rk, 

„     ..               :.       1  1.Wllllloi.S,E,  LvKnl 
1                 1       M«.v  Irfr. 

,^1 

i»»rpl.   „ 

HiBhjHT:.      Mknwrak. 

2% 

i 

..   „          :■     '2sn>i,iu-«s,E.i,,  K,  -r 

!                     Mny  Mr. 

,137 

liJul.i    .. 

V»l«hQ^.■t.   Kiiiickjcl- 

'♦" 

MB                          1 

■■    ■*^i\"  m;";^'  '■'  *'■  "* 

5,-« 

a-.F.-h.    „ 

Rnnie.lll.riHIEdLluhl. 

^' 

1,12              .        1 

Ih- Xntf  t,f  X»n«i!i. 

■a  .           5     j  ;b  imip,  K.  i  s.  o(  H«.v 

Km 

.:mi^.  .. 

Kllliiuwller,  :i  miln  K. 

^ 

■^              ■        1 

'"  "    1 

Mn 

^^    .,      „ 

~s»;=!-  '•'- 

*-. 

611 

ei  K*.-.  ,. 

IM> 

12« 

Ool.lmiv.  S«'«len, 

■" 

"','""««'•,}«.  of  Ma, 

f,4a 

S4  »>r.    ., 

B4jHlwi.rk     Rnv.   Khfl. 

21U 

1,W     ,         . 



. 

12  Jul)-    „ 

JullMd.  I>en™rr' 

«0 

^    j        ■ 
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Table  showing  Particulars  op  Drifters — continued. 


Date  and  Position  where  set  Adrift. 

No. 
544 

Date  and  Position  where  Recovered. 

Mini- 
mum 
Dis- 
tance 
travel- 
led in 
Qeog. 
Miles. 

Time 

between 

setting 

awaA- 
and  Re- 
covery. 

Days. 

Number 

pre- 
viously 

Re- 
covered 
of  same 

lx>t 

Date. 

Number 

of 
Bottles. 

Position. 

Date. 

Position. 

1896. 
28  Oct 

■ 

100  miles  E.  iS.  of  May 
Isle, 

2  Sept. '97 

Obrestod    Lighthouse, 
Naerbo,  near  Stavan- 
ger,  Norway, 

210 

315 

• 

6  Nov. 

.f. 

ISO  miles  E.  ^  S.  of  May 
Isle, 

545 

C    1,       „ 

Ronglevar,  6  miles  N. 
of  Bergen,  Norway, 

250 

278 

• 

1*    i> 

f» 

l.^milesE.  }S.  of  Mav 
Ule, 

546 

8  Mar.    „ 

Sulen    Island,    N.    of 
Bergen,  Norway, 

275 

122 

1 

»»    11 

• 

♦1        II        11        •' 

547 

!•'     II        II 

Goddehavn,  2  miles  S. 
of    Slattero     Light, 
Norway, 

■ 

129 

• 

m 

5 

2.50  miles  E.  i  8.  of  May 
Isle. 

Bfticeen  Leith  aiul  the 
Htiok  of  Holland. 

54S 

1 

29  May    „ 

Rlomvaog,    near    Ber- 
gen, Non^'ay, 

180 

172 

1 

INov. 

46  miles  N.E.  by  E.  of 
Cromer,  Norfolk. 

549 

6  April  „ 

Thonipstrand,  Thisted, 
Denmark, 

300 

157 

1 

»»     i» 

• 

•  •                   II                   H                   »l 

550 

18  May    „ 

Near  Husby,  Ringkjo- 
bing,  Denmark, 

200 

199 

• 

II        n 

S 

r>7   miles   E.    ^   S.    of 
Cromer, 

551 

2  April  „ 

30  miles  E.  of  Hants- 
holm,  in  the  Jammer- 
bngt,  Denmark, 

310 

153    ' 

l»      •• 

• 

ff                *»                11                ♦• 

5.52 

5  .Tune  „ 

Lando,  East  of  Mandal, 
Norway, 

330 

217 

»»      »» 

>* 

^7  miles  E.  by  N.  A  E. 
of  Lowestoft, 

.'>53 

27    ..       .. 

Blokhus,  Denmark, 

1 

820 

239 

II      II 

1 

8 

1 

1 

37  miles  N.  by  W,  of 
Soheveninjfen,    Hol- 
land, 

554 

1 

9  May    „ 

Oester   Klit,  near  Sin- 
dal. 

• 

190     ' 

II      II 

• 

n             •»             ••             n 

5.55  1 

SJiily    ,. 

Thor«minde,    Jutland. 
IXMimark, 

2.30 

250 

II      II 

1 

1 

1 

l«                   •!                   •!                   11 

Brtiveen  thf  lale  of  Man 
and  thf  Naze  of  Nor- 
way. 

.556 

1 

1 

6  miles  N.  of  Nymin- 
degab,  Denmark, 

1 

• 

249 

1 

t 

1 

2f>  Dei'. 

1 

30  inileM  E.  of  May  ImIo, 

557   1 

1 

9         „               M 

1  mile  a.  of  Agger,  near 
Vestervig,  Denmark,  ' 

320 

197     1        . 

11        n          I 

1 

1 
1 

II        II        ii        II 

1 
558 

24  Aujf.    „ 

Lodbjerg  Light,    near 
Agger,  Denmark, 

320 

243 

II       II 

• 

II        II        II        fi 

559  j 

28    II       » 

1 
Kinn,  near  Sulen,  Nor- 
way, 

850 

247 

II          n 

1 
1 

i»        i»        II        II 

500 

«j*'  JL'^C.      II 

Near  Karingo,  Bohus- 
lan,  Sweden, 

430 

.370 

II       11 

< 

lOOmiles.E.  of  May  Isle, 

561 

30  Mar.    „ 

1    mile    W.  of   Risor, 
Norvi'ay, 

310 

96 

II       II 

• 

II        II        1'        II 

562 

14  June  ,, 

Rtora    Kornii    Island, 
near  Lysekil,  Sweden, 

360 

172 

378 
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Table  showixq  Pabticulabs  of  Dbiftebs — ecmtinued. 


Date  and  Poiition  where  tet  Adrift. 


Date. 


Number 

of 
BoUlet. 


1896. 
25  Dec. 


26  „ 
26  „ 

I 
■  It    11 


i»    II 


II    II 


II     II 


1" 

•  1 

II 

II 

II 

•  1 

1' 

II 

PotitioD. 


No. 


100  milefl  E.  of  May  Isle, 


II   II   >i   II 


II   II   ••   II 


20 
20 


150 
2fX) 

2:>o 


20    3(i0 


II    »i    II 


II    11    II 


II    II    II 


»•    II    II 


(alMiit  :)2  miles  W.  of 
the  Naze  of  Norway), 

II        ••        II        •• 


l«  n  ••  n 


Bfheefn    the    I  tie    nf 
May  and  IJamf/urtf. 


503 

564 
565 

560 

667 

508 
509 

570 
571 


Date  and  Position  where  Beoovered. 


Date. 


Position. 


1  July   '97  !  Ilunilekfirr.     0    miles 
I      N.K.        of      above, 
Sweden, 

Stolmoen,  near  Berfi^en, 
Norway, 

Lindholmen,     S.      of 
Stromstad,  8^'eden, 

Airth,  Fet1ar,8hetland, 

Maskero,    near    8tav- 
anger,  Norway, 

Rakvaag,  Akero,  near 
Molde,  Norway. 

8  miles  S.  of  E^t^rsund. 
Norway, 


2S  Dec.       20        m)  miles  from  May  Isle, 


II  !•  •'  •• 


II  »•  I.  •» 


II  II  II  It 


•  I  It  II  II 


II  II  II  II 


l«  .1  fl  M 


II  II  II  •• 


II  H  II  11 


20 


1  »» 

II 

i 

• 

•  1 

,1     I 

• 

l« 

II 

! 

• 

100 


••  !•  II 


II  II  II  II 


II  II  11  II 


•  I  II  II  11 


27  Sept.  „ 
20  Jan.  "98 

9  April  '97 
2  Har.     „ 

7  Mar.  *m 

10  April  'irr 

20  July    .. 
SO  Sept.  „ 


Mini- 
mum 
Dis- 
tance 
travel- 
led in 
Geog. 
Miles. 


Time 

between 

setting 

away 
and  Be- 
cover>'. 

Da>-a. 


300 

240 

360 

200 
110 


572 
.'.7.3 

575 
576 


81  July 

14  Auff. 

18  „ 

19  „ 

10      „ 


Valvcer,  Bodo,  Hcljfc-  • 
land,  Norway,  i 

20    kilom.    S.R.R.    of  '■ 
HauKesund,  Nor^'ay, ! 


SI) 


577  2«     „ 

.«»78  30     ., 

.579  IS  Nov. 

580  18  I>e<-. 

581  31  July 

582  13  Aug. 

583  ,  12     „ 


584 


13      ,1 


II 


Island  of  Sylt,  Schles- 

Ilaritoore,  I>enmark. 

Itjergehuse,  Denmark, 

Island  of  S\lt,  SchlcH- 
wig, 

IJingeskar,      Hafsten- 
sund,    Roh  u  slan,  j 
Sweden, 

1  mile  N.  of  Horus  Bev, 
near  Vardj,  I>en- 
mark, 

Kjettrupgaard,  Hlok- 
bus,  Denmark, 

\jLi\f(i\en,  Vigsfjord, 
W.  of  Fwrder,  Nor- 
way, 

<  hiso,  near  Fi*edrikstad, 
Noi-way, 

Westerland,  S.\lt 
Ittland.  S<^hlc9wijf, 

Near  Kampen,  S\lt, 
Schlcswi 

Wijk,  Fohr  Island, 
Schleswig, 

Ilaur^-ig,  Jutland,  Den- 
mark, 


82(> 
:»10    ■ 

320 
43r) 

.tl(» 


1.S9 


277 


392 

100 
07 


72 


Number 

pre- 
noudy 

Be- 
oovered 
of  fame 

Lot. 


30     I       112 


m^    '      207 


270 


221 

235 
239 
240 

! 

240 

I 

i 

247     I 


S-W 

253 

42^) 

331 

4.'W) 

im 

270 

221 

270 

234 

275 

283 

250 

234 

9 
9 
0 
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Dtt 

•nd  Pcsilion  where  Ht  Adrift. 

K. 

DmteWKlP 

PoiiUon, 

ln.v.1. 

.ttting 

ooi^ry. 

D-yt 

Number 
covered 

""lm?" 

DM«. 

Bottit*. 

P«itioii. 

»■«. 

lOOmltMrrDInlUyliK. 

ABS 

17Aug.V7 

10  mile.  N.  ot  Nvmln- 
degmb,  Uanmuk. 

2E0 

2Sg 

::  ■.', 



z 

IS 

Sl<vod.  JuClud.  Deo- 
m»rk. 

SmllM 

MO 

Z33 

isa 

Kordby,  F«nii  Muid, 

™ 

s» 

::;; 

1 
.       1 

w» 

M     ..      ,. 

11  milea  N.  ol  Nymin. 
deEBb,  DeiumA, 

T  ml1«  N.   o(  Ringk- 

200 

». 

Ml 

60! 

30     „     „ 

Sand«rbo.FiiiSIilEnd, 

«0 

» 

.1 

■    1 

6W 

SS«pt,     ,. 

V«Uled.  ?  milM  S,W. 

870 

■" 

9>      a»      

MM 

lO-April  „ 

Vo« 

SIO 

ice 

■      1 

„ 

WSept.  ,. 

L6aSen,    Pldii.     nnr 
Bugcn,  Norway, 

.» 

., 

■      j 

», 

28  Oct.     .. 

Beirut,  NoTwiiy, 

„. 

... 

sw 

MDcc    ,. 

nilM  E.  0( 

JM 

»8 

sw 

^"id!^.^.^.**"""' 

110 

Mi 

.V.U.,  -oa 

"^So^.i'^o^^.^' 

«0 

t61     1 

■        ■"      

«..    la*.,..^ 

"STn."^™".^  '™- 

100 

" " 

'      , 

«xe  1  iss.pl.  „ 

M.      aide     of     (.'daira 
I.l.n<I.  3D  mile*  W. 

sso 

»» ^  . 

" 

■  ! 

«03     18     ..      .. 

1(  aw*dl)h  mllM  B.  ot 
FJellbik..  Swtdea. 

aio 

^ 

■  1 

<M     IS  Oct     ,. 

160 

!»    ' 

«W     18     „      .. 

wo 

300 

■  i 

eoe    sDfT.    ,. 

Light.  ™,K«,«o, 

B/Vonnj, 

eoo 

3M 
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Table  showing  Particulars  op  Drifters — continued. 


1 

j      Date  and  Position  where  set  Adrift 

No. 

628 

629 

630 
CSl 

632 
633 

684 

1 
Date  and  Position  where  Recovered. ! 

1 

Mini- 
mum 
Dis- 
tance 
travel- 
led in 
Oeog. 
MUes. 

i 

Time 

between 

setting 

away 
and  Re- 
covery. 1 

Days. 

Numbe 

pre- 
viously 

Re- 
covered 
of  same 

Lot. 

Date. 

Number 

of 
Bottles. 

Position. 

Date. 

1 

Position. 

1887. 
17  Jan. 

II    •• 

! 

II    II 
II    II 

1.    .1 
II    II 

10  Feb. 

• 
10 

t 
• 

100 

60  miles  8.8. W.  of  Bres- 
say  Light,  Shetland, 

II       II       II       II 

100    mUes    S.S.W.    of 
Bressay  Light, 

••       II       II       «• 

II       «i       II       II 
II       ti       It       II 

4  miles  E.  of  Isle  of 
May,  Firth  of  Forth, 

10  Nov.  '97 

18  Feb.  *08 

14  Sept. '97 
16     II     1, 

23  Nov.   „ 
6  Feb.  '96 

•27  April  '97 

Inffden,  7  miles  from 
Hammerfest,      Nor- 
way, 

Godden,  Finaas,60  km. 
S.   of   Bergen,  Nor- 
way, 

4  miles  E.  of  Hirtshals 
Light,  Denmark, 

Komelsflord,         near 
Ohristiansand,   Nor- 
way, 

Randden,  near  Ohris- 
tiansaiid,  Norway, 

Straaholmen      Island, 
near      Kragero,     8. 
Norway, 

Got  in    a  trawl  net  6 
miles  E.  of  May, 

900 

190 

360 
290 

290 
340 

2 

297 

897 

240 
241 

310 
386 

76 

• 

• 

• 
• 

• 
• 

• 

This  is  the  only  bottle  recovered  of  100  put  away  on  this  oooaaion ;  all  were  weighted  to 

go  to  the  bottom. 
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XT.— NOTES  ON  SOME  GATHERINGS  OF  CRUSTACEA  COL- 
LECTED FOR  THE  MOST  PART  ON  BOARD  THE 
FISHERY  STEAMER  "GARLAND"  AND  EXAMINED 
DURING  THE  PAST  YEAR  (1899). 

By  Thomas  Soott,  F.L.S.,  Mem.  Zool.  Soc.  de  France. 

I 

(Plates  Xni.  and  XIV.) 

The  following  "  Notes ''  are  intended  to  supplement  a  somewhat  similar 
series  published  in  Part  III.  of  the  Seventeenth  Annual  RepoH,  These 
nx?tes  deal  entirely  with  the  Crustacea,  and  refer  to  species  that  have  been 
observed  in  various  gatherings  of  tow-net  and  dredged  materials  examined 
during  the  past  year,  and  collected  for  the  most  part  on  board  the 
"  Grarland."  The  majority  of  the  species  referred  to  have  been  obtained 
in  gatherings  collected  in  Loch  Fyne  and  in  the  seaward  portion  of  the 
Firth  of  Clyde,  but  a  few  are  also  from  other  parts  of  the  Scottish  coasts ; 
moreover,  with  the  exception  of  one  or  two  brackish-water  forms  those 
recorded  are  all  marine  species. 

A  few  of  the  copepods  mentioned  in  the  sequel  are  apparently 
undescribed,  but  most  of  the  other  forms  have  already  been  recorded. 
Further  information  concerning  these  has,  however,  been  obtained  bearing 
on  their  structural  details  or  on  the  distribution  of  the  species,  which  it 
will  be  of  interest  to  notice. 

My  son,  Mr.  Andrew  Scott  (assisted  by  Mrs.  Scott),  has  prepared 
drawings  to  illustrate  where  necessary  the  various  objects  described. 
Several  forms  other  than  those  mentioned  in  the  sequel  have  had  to  stand 
over,  but  these  will  be  described  later. 

COPBPODA. 

Eucalanus  crassua,  Giesbrecht. 

1888.     Eucalanus  crassua^  Qiesb.,  Atti  Ace.  Lincei,  Rend.  (4), 
vol.  iv„  sem.  2,  p.  333. 

A  considerable  number  of  specimens  of  this  species  were  obtained  in  a 
bottom  tow-net*  gathering  collected  in  Dornoch  Firth,  November  19th, 
1898.  The  depth  at  which  the  tow-net  was  worked  varied  from  8  to  16 
fathoms.  A  large  proportion  of  the  specimens  obtained  were  more  or 
less  immature.  This  Eucalanus  has  been  obtained  in  the  Moray  Firth 
district  on  several  occasions  during  the  past  few  years,  but  it  was 
apparently  more  frequent  in  the  present  gathering  than  in  any  of  those 
previously  examined.  It  is  somewhat  difficult  to  distinguish  the 
immature  forms  of  the  species,  but  the  adults  are  comparatively  easily 
distinguished.  When  it  is  remembered  that  the  distribution  of  Eucalanus 
erassus  extends  south  as  far  at  least  as  the  Gulf  of  Guinea,  its  presence 
in  the  Moray  Firth  from  time  to  time  is  of  more  than  usual  interest. 

*  What  is  here  called  the  **  bottom  tow-net"  is  the  tow-net  that  is  fastened  to  the 
trawl'head  in  such  a  way  that  when  the  trawl  is  working  the  tow-net  just  clean  the 
bottom. 
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Eucalanus  dongatus  (Dana). 

1849.     Calanus  elongatus^  Dana,  Proc  Amer.  Acad. ,  vol.  ii>  p.  18. 

A  single  specimen — a  female — was  obtained  in  the  same  gathering  with 
the  last  This  is  a  larger  species  than  Eucalanus  crassus ;  the  specimen 
referred  to  here  measured  fully  6mm.  in  length  (about  a  quarter  of  an 
inch).  In  this  species  the  last  thoracic  segment  has  the  sides  produced 
posteriorly  into  short  pointed  processes.  The  presence  of  Eucalanus 
elongatus  in  the  Moray  Firth  is  also  of  interest  as  bearing  on  the  question 
of  the  distribution  of  species.  These  copepods  are  probably  carried  into 
the  estuary  by  regular  tidal  currents  or  by  temporary  currents  set  up  by 
the  wind,  should  it  happen  to  blow  from  one  particular  direction  for  a 
more  or  less  lengthened  period. 

Neither  of  the  two  species  named  have  yet  been  observed  in  the  Firth 
of  Forth  or  the  Firth  of  Clyde.  These  two  estuaries,  though  extending 
for  a  considerable  distance  inland,  are  comparatively  narrow,  and  the 
entrance  to  each  is  obstructed  to  some  extent  by  an  island ;  the  Moray 
Firth,  on  the  other  hand,  presents  ein  extensive  opening  to  the  North  Sea 
and  narrows  very  gradually  westwards.  Such  a  difference  in  the  general 
contour  of  these  inlets  has  probably  a  more  or  less  distinct  influence  on 
the  distribution  of  their  local  faunas. 

Paracalanus  parvtis  (Glaus). 

1863.     Calantts  parvus^  Claus,  Die  freileb.  Copep.,  p.  173,  PL 
XXVI.,  figs.  10-14;  PI.  XXVII,  figs.  1-4. 

This  small  species  has  been  observed  in  gatherings  collected  during 
the  past  year  both  in  the  Clyde  and  Loch  Fyne,  and  usually  in  bottom 
tow-net  gatherings.  It  was,  for  example,  observed  in  a  bottom-gathering 
from  Station  V.  (Whiting  Bay,  Arran),  collected  September  8th,  and  in 
another  from  Station  XVII.  (near  the  head  of  Loch  Fyne),  collected 
September  29th. 

Stephus  fultonif  T.  and  A.  Scott. 

1898.     Stephvs  fultoni^  T.  and  A.  Scott,   Ann.  and  Mag.  Nat. 
Hist.  (7).  voL  i.,  p.  185,  PI.  X.,  figs.  1-8 ;  Pi.  II.,  figs.  1-4. 

Stephus  fultoni  has  apparently  not  yet  been  observed  outside  the  Clyde 
area.  It  was  first  observed  in  1896  in  some  material  dredged  in  Kil- 
brennan  Sound,  and  subsequently  in  a  small  gathering  of  Crustacea 
collected  near  the  Spit,  Loch  Fyne,  in  1897.  I  have  now  to  record  its 
occurrence  for  the  second  time  at  this  Loch  Fyne  Station  ;  the  material 
in  which  it  was  obtained  on  the  present  occasion  was  collected  during  the 
early  part  of  this  year  (1899),  and  a  few  specimens  only  were  observed. 
Siephtis  fultoTiij  which  seems  to  be  a  rare  species,  is  comparatively  easily 
distinguished  from  the  other  members  of  the  genus  by  the  somewhat 
larger  size  of  the  female  and  by  the  male  having  the  fifth  thoracic  feet 
conspicuous  and  furnished  with  horn-coloured  processes. 

Bradyidius  armatus  (Vanhoffen). 

*1897.   Bradyanus  armatus  (Vanhoffen  in:)  Chun,  Arkt.  antarki 
Plankton,  p.  28. 

It  was  pointed  out  in  my  ''  Notes  "  last  year  that  Bradyidius  armaius 
was  one  of  the  more  widely  diffused  of  the  Clyde  copepods,  and  that  it 
was  also  occasionally  observed  on  the  East  Coast.    Daring  the  past  year 

*  Vide  Dm  Tierreich,  p.  82. 
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it  has  again  been  observed  in  several  of  the  gatheiings  sent  to  the  Fishery 
Board's  Laboratory  from  the  Clyde.  In  1897  a  new  genus  was  instituted 
for  this  copepod  by  Dr.  W.  Giesbrecht,  of  Naples,  but  it  appears  to  be 
one  of  those  species  whose  lot  it  is  to  undergo  several  removals  ere  it 
reaches  its  ultimate  destination,  as  indicated  by  the  following  quotation 
from  a  work  lately  published  by  Herr.  0.  Nordgaard,  entitled,  "  Report 
on  Norwegian  Marine  Investigations,  1895-97/'  At  page  21  of  his 
report,  Herr.  Nordgaard  refers  to  the  species  under  consideration  as 
follows : — 

"  In  *  Undersogelser  over  Dyrelivet  i  Arktiske  Fjordo '  Herr  Sparre 
Schneider  has  mentioned  a  copepod  that  is  called  Undinopm  bradyi,  G. 
0.  Sars.  Tliis  species  is  said  to  have  been  found  in  Kvsenangen  and  at 
Tromso.  In  the  summer  of  1897  I  showed  Prof essor  Sars  a  preparation 
of  a  copepod  that  I  was  unable  to  identify.  He  then  declared  it  to  be 
the  very  Undinopsis  bradyi,  and  afterwards  informed  me  in  a  letter  that 
the  said  copepod  had  been  described  by  Mr.  Brady  (Monograph  of  the 
Copepoda  of  the  British  Islands,  i.,  p.  46,  PL  IV.,  figs.  1-11). 

The  species  was,  however,  there  wrongly  identified  with  PseudoccUanus 
armatuSy  Boeck,  which,  according  to  Mr.  Sars,  is  another  species.  As 
Mr.  Sars  in  his  gigantic  revision  of  Norwegian  Crustacea  will  soon  come 
to  the  Copepoda,  I  shall  do  nothing  but  here  note  the  occurrence  of 
Undinopns  h'odyi  at  the  following  places : — 

March    14th,    1896,   Vestfjord   (67«  325'   N. ;  130°  245'  E.)   in 
Plankton  0*200m. 

March  5th,  1897  ;  Ostnes-fjord  in  Lofoten. 

March  7th,  1897,  Irold-fjord  in  Lofoten,  Plankton  0-65m. 
Besides,  I  have  this  year  (1899)  taken  several  specimens  of  the  species  in 
fjords  near  Bergen." 

This  note  by  Herr.  Nordgaard  is  of  interest,  if  for  nothing  else  than 
the  information  he  gives  concerning  the  distribution  of  the  species, 
but  it  also  indicates  that  Professor  Sars'  designation  is  likely  to  take 
precedence  over  that  of  Bradyidiua  armatua  of  Drs.  Giesbrecht  and 
Vanhofen.  It  is  doubtful,  however,  if  this  copepod  will  be  allowed  to 
rest  under  Undinopsis  bradyi,  for  it  is  by  no  means  a  rare  species,  and,  as 
Herr.  Nordgaard  and  Professor  Sars  have  shown,  it  has  a  wide  distribu- 
tion. It  is  probable,  therefore,  that  it  has  not  escaped  the  notice  of  some 
of  the  earlier  naturalists,  and  may  be  described  and  named  in  their 
published  works  by  a  designation  different  from  any  of  those  referred  to. 

Isiaa  davipesy  Boeck. 

1864.     hias  davipes,  Boeck,  Forh.  Vid.  Selsk.,  Christiania,  p.  18. 

This,  which  is  a  moderately  rare  species,  has  again  been  observed  in 
several  of  the  tow-net  gatherings  forwarded  from  the  Clyde  during  recent 
months.  The  specimens  obtained  were  found  for  the  most  part  in 
gatherings  collected  in  the  tow-net  fixed  to  the  head  of  the  trawl,  and 
appeared  to  be  most  frequent  in  the  gatherings  collected  in  September. 
The  species  was  taken  in  Kilbrennan  Sound  at  Stations  III.  and  IV., 
near  Sanda  Island,  and  in  the  vicinity  of  Ailsa  Craig.  I  have  no  records 
of  Isias  from  Loch  Fyne  this  year.  It  may  be  of  interest  to  mention  that 
it  was  also  during  September  last  year  that  Isias  was  chiefiy  observed. 

Eurytemora  vdox  (Lilljeborg). 

1853.     Temora  vdox^  Lillj.,  De  Crustac.  ex  ordin.  tribus;  Cladoc. 
Ostrac.  et  Copep.  in  Scania  occurr.,  p.  177,  PI.  XX.,  figs.  2-7. 

This  species  was  found  in   a  small  pond  near  the  New  Zoological 
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Station  at  Millport,  Gumbrae,  and  also  in  shore  pools  at  the  south-west 
comer  of  the  island  on  May  Gtli,  1899.  Professor  G.  S.  Bradj  obtained 
the  species  from  Gumbrae  many  years  ago,  and  it  is  interesting  to  find 
it  in  the  same  localities  in  which  it  was  then  observed. 

Eurytemora  afinis  (Poppe). 

1880.  Temora  affinis,  Poppe,  Abhandl.  d.  Naturw.  Ver.  Bremen, 
Bd.  vii.,  pp.  55-60,  PL  III. 

I  find  this  species  in  rock  pools  near  low-water  mark  at  Bay  of  Nigg, 
Aberdeen  (just  in  front  of  the  New  Laboratory  of  the  Fishery  Board  for 
Scotland),  where  it  is  not  uncommon.  It  also  occurred  in  a  large  pool 
left  by  the  ebbing  tide  near  the  bridge  where  the  railway  crosses  the 
River  Dee.  These  species  of  Eurytemora  require  careful  examination 
in  order  to  distinguish  the  one  from  the  other. 

Metridia  lucenSy  Boeck. 

1864.  Metridia  lucens,  Boeck,  Forh.  Vid.  Selsk.,  Ghristiania, 
p.  U. 

This  species  was  moderately  frequent  in  a  bottom  tow-net  gathering  of 
Grustacea  collected  during  the  past  year  in  Aberdeen  Bay.  In  the  Firth 
of  Giyde,  Metridia  lucens  appears  to  be  one  of  the  resident  copepods,  as 
it  may  be  obtained  there  all  the  year  round,  though  usually  in  small 
numbers.  The  more  recent  Clyde  gatherings  in  which  the  species  occurred, 
and  of  which  I  have  notes,  were  collected  in  the  bottom  tow-net  near  the 
seaward  part  of  the  estuary. 

Paramesophria  duthtVy  Th.  Scott. 

1897.  Paramesophria  didhcBy  Th.  Scott,  Fifteenth  Rep.  Fish, 
Board  Scotl,  Part  III.,  p.  147,  PI.  II.,  figs.  3-8;  PI.  III., 
figs,  ia-16. 

This  moderately  large  and  distinct  species  was  described  from  specimens 
dredged  oflf  Largabruach,  Upper  Loch  Fyiie,  and  I  have  now  to  record 
its  occurrence  at  Tarbert  Bank  (oflf  East  Tarbert),  Lower  Loch  Fyne ;  it 
was  obtained  amongst  some  material  dredged  from  about  17  to  20  fathoms 
on  October  2l8t,  1899.  In  one  of  the  more  recently  published  works  on 
the  CopEpoda  (Das  Tierreich,  Lief.  6),  Paramesophria  takes  its  place 
amongst  the  Gentropagidse. 

Labidocera  icollastoni  (Lubbock). 

1857.  Pontella  iDoUastoniy  Luhhock^' Ann.  and  M&g,  Nat.  Hist. 
(2),  vol.  XX.,  p.  406,  Pis.  X.-XL 

Last  year  I  recorded  this  fine  species  from  two  Glyde  stations,  both  of 
which  are  near  the  seaward  limits  of  the  estuary.  This  year  I  have  to 
record  its  occurrence  in  a  bottom  tow-net  gathering  (12  to  26^  fathoms), 
collected  in  the  vicinity  of  Sanda  Island,  near  the  mouth  of  the  Glyde,  on 
September  5th,  1899 ;  it  was  also  obtained  in  a  second  gathering  collected 
two  days  later  in  about  55  fathoms  and  somewhat  further  seaward.  In 
a  gathering  collected  in  November  a  number  both  of  males  and  females 
were  found.  This  gathering  was  also  from  the  mouth  of  the  estuary.  I 
also  take  this  opportunity  to  record  Labidocera  wollastoni  from  the  Firth 
of  Forth.  During  the  past  summer  I  overhauled  some  tow-net  gatherings 
that  had  been  collected  a  few  years  ago,  and  found  that  one  or  two  of 
them  bad  not  before  been  examined ;   in  one  collected  to  the  east  of 
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Inchkeith  on  June  8th,  1891,  I  found  amongst  other  things  a  single  male 
specimen  of  the  Labidocera  referred  to.  I  do  not  think  that  this  species 
has  been  before  recorded  from  the  Firth  of  Forth. 

Gydopina  gracilis^  Glaus. 

1863.     Cijclopina  gracilis^  Glaus,  Die  fcei-leb.  Gopep.,  p.  104,  PL 
X.,  figs.  8-15. 

Specimens  of  :his  small  but  distinct  species  were  obtained  in  a  gather- 
ing of  material  dredged  in  the  vicinity  of  Otter  Spit,  Upper  Loch  Fyne, 
during  the  early  part  of  the  year.  This  gathering  contained  a  large 
number  of  comparatively  rare  copepods,  several  of  which  are  referred  to 
in  the  present  "Notes." 

Notodelphys  prasina,  Thorell. 

1859.    Notoddphys  prasina,  Thorell,   Bidr.    till    K&nned.   om 
Krustac.  i  Ascid.,  p.  46,  PI.  V.,  fig.  7. 

This  copepod  has  occurred  frequently  in  Ascidians  dredged  from 
Tarbert  Bank,  Loch  Fyne,  during  recent  months.  N.  prasina  has  very 
short  caudal  furca,  and  by  this  character  alone  it  may  be  readily  dis- 
tinguished from  the  other  species  of  Notodelphys  hitherto  recorded  from 
Scotland.  Notodelphys  altmani,  Thorell,  is  also  occasionally  found  in 
Glyde  Ascidians,  but  does  not  seem  to  be  just  so  common  as  the  species 
first  named. 

Doropygus  pulex^  Thorell. 

1859.     Doropygus  pulex,  Thorell,  op.  cit.,  p.  46,  PI.  VL,  fig.  8. 

A  few  specimens  of  this  curious  species  were  obtained  in  Ascidians 
dredged  at  Tarbert  Bank,  Loch  Fyne  (17-20  fathoms),  in  October  1899. 
In  this  species  the  caudal  furca  are  "  slightly  elongate "  and  "  becoming 
gradually  thin,  or  tapering,  towards  the  distal  end "  (Ganu,  Gopep.  du 
Boulonn.,  p.  195).  Doropygus  piUex  appears  to  be  somewhat  rare  in  the 
Glyde  area. 

Doropygus  (1)  gibber^  Thorell. 

1859.  Doropygus  gibber^  Thorell,  op.  cit,  p.  52,  PI.  VIIL,  fig.  11. 

One  or  two  specimens  of  a  Doropygus^  apparently  belonging  to  this 
species,  were  found  in  some  dredged  material  from  Tarbert  Bank,  Loch 
Fyne.  Dr.  Giesbrecht*  considers  this  to  be  more  nearly  related  to 
Notopterophorus  than  to  Doropygus, 

Doropygus  porcicauda,  G.  S.  Brady. 

1878.     Dorapygus  porcicauda,  Brady,  Mon.  Brit.  Gopep.,  vol.  L, 
p.  138,  PL  XXVII.,  figs.  1-9 ;  PL  XXXIIL,  figs.  14-16. 

Several  specimens  of  this  large  and  apparently  distinct  species  were 
obtained  in  the  same  dredged  material  as  the  last.  In  this  species  the 
caudal  rami  are  of  considerable  length,  somewhat  divergent  and  more  or 
less  curved.  It  does  not  seem  to  be  very  uncommon  in  Loch  Fyne 
Ascidians. 

Enterocola  {'i)fulgens,  Van  Beneden.     (PL  XIII.,  figs.  21-27.) 

1860.  Enterocola  fiUgenSf  Van  Ben.,  Bull.  Acad.  Belg.  (2),  vol. 
ix.,  p.  151,  PL  L 

I  have  on  one  or  two  different  occasions  found  in  gatherings  of  dredged 
material  from  the  Glyde  odd  specimens  of  an  Enterocola  usually  of  a 

*  MiUheih  Zool,  Stat.  Neapd,  vol.  iii.,  p.  828  (1882). 
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larger  size  than  either  Enterocola  fulgens,  Van  Beneden,  or  Enterocola 
betencouriij  Canu,  and  which  to  some  extent  ditfers  also  in  some  of  its 
structural  details  from  both  these  forms.  1  prefer,  however,  in  the  mean- 
time to  regard  our  specimens  as  a  "  form  "  or  variety  of  Van  Beneden's 
Enterocola  fulgens  rather  than  institute  a  new  species  for  their  reception. 

These  Clyde  specimens  are  found  in  the  intestine — not  the  branchial 
cavity — of  a  small  Ascidian.  Usually  only  one  Copepod  is  observed  in 
each  specimen  of  the  Ascidian  in  which  the  parasites  occur,  and  it  also 
usually  so  fills  up  the  ])art  of  the  intestine  in  which  it  is  lodged  that  it  is 
with  difficulty  detached  with  its  ovisacs  in  situ,  one  or  both  frequently 
breaking  away  while  removing  the  Copepod  from  its  environment. 

All  the  specimens  of  the  Copepods  obtained  as  described,  and  which  I 
have  examined,  appear  to  belong  to  the  one  species,  but  they  vary 
greatly  in  size.  The  specimen  represented  by  the  drawing  (fig.  21), 
measures  little  more  than  two  millimetres  (2*2n)m.)  in  length,  whilst 
another  that  I  have  measured  extends  to  at  least  four  millimetres.  The 
ovisacs  are  of  a  distinctly  reddish  colour,  so  that  when  examining  the 
Ascidians  in  which  the  Copepods  occur  one  can  see  at  a  glance  and  without 
dissection  whether  a  parasite  is  present  by  the  red  colour  of  the  ovisacs 
showing  itself  through  the  thin  wall  of  the  intestine  of  the  host. 

The  mouth-organs  of  the  Enterocola  are  difficult  to  make  out ;  they 
are  all  simple,  and  do  not  show  much  structure.  Figures  22  and  23 
represent  what  appear  to  be  one  of  the  antennules  and  one  of  the  antennee. 
The  mouth  takes  the  form  of  a  short  and  somewhat  cone-shaped  process. 
There  appears  to  be  no  mandibles  properly  so  called,  and,  according  to 
Dr.  Canu,  the  absence  of  mandibles  is  one  of  the  distinctive  characteristics 
of  the  genus  Enteroc(fla.  The  (?)  maxillse  (fig.  24)  are  broad  foliaceous 
appendages,  bearing  on  their  distal  margin  a  number  of  stout  ciliated 
spines.  The  posterior  foot-jaws  are  very  stout,  and  terminate  in  very 
short  but  strong  claw-like  processes  (fig.  25). 

The  first  four  pairs  of  thoracic  feet  are  all  very  much  alike.  They  are 
two-branched ;  the  outer  branches  appear  to  be  one-jointed,  and  are 
moderately  stout,  and  taper  towards  the  distal  end ;  they  are  also 
furnished  with  two  moderately  long  and  plumose  terminal  setss;  the 
inner  branches  consist  of  short,  stout,  tapering  appendages  of  a  simple 
and  almost  mdimentary  character  (figs.  26  and  27).  The  fifth  pair  are 
conspicuous  and  broadly  dilated  appendages.  The  caudal  furca  are 
about  twice  as  long  as  broad.  The  female  carries  two  ovisacs,  which  in 
well  grown  specimens  are  about  as  long  as  the  body  of  the  copepod. 

Gunenotophorus  (1)  glohilaris,  Costa.     (PL  XIIL,  figs.  28-34  ;  PI.  XIV., 
figs.  37  and  38). 

1852.      Gunenotophorus  globularts,  Costa,  Fauna  del  Regno  di 
Napoli,  Entom.  (1840). 

A  somewhat  curious  copepod,  agreeing  in  almost  every  detail  of 
structure  with  the  species  described  by  0.  G.  Costa  under  the  name  of 
Gunenotophorus  globularis,  was  obtained  in  some  dredged  material  from 
the  vicinity  of  Sanda  Island,  Firth  of  Clyde,  in  December  1898.  The 
species  is  said  to  occur  in  the  branchial  cavity  of  Ascidians,  but  this 
Clyde  specimen  (only  one  was  obtained)  occurred  free  amongst  the 
dredged  material,  having  probably  come  from  a  dredged  Ascidian. 

The  entire  length  of  the  specimen  was  about  five  millimetres  (about  one- 
fifth  of  an  inch).  The  body  was  considerably  dilated,  but  the  abdomen 
was  more  slender,  and  was  quite  distinct ;  the  whole  animal  was  strongly 
incurved,  as  shown  by  the  figure  (fig.  28,  PI.  XIII).  The  specimen,  which 
had  a  somewhat  macerated  appearance,  did  not  exhibit  much  segmentation 
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of  the  cephalon  or  thorax,  but  the  abdomen,  which  was  moderately 
elongated  and  cylindrical,  was  divided  into  four  distinct  segments,  the 
first  three  of  which  were  smaller  than  the  last  one ;  the  last — or  anal 
segment — was  about  as  long  as  the  combined  length  of  the  two  that 
preceded  it.  The  caudal  furca  were  short  and  very  divergent,  extending 
outwards  at  almost  right  angles  to  the  abdominal  segment  (fig.  34, 
PI.  XIII.).  The  antennules,  which  showed  very  little  jointing,  were 
very  short  and  stout  except  the  end  joint,  which  was  a  small  one  (fig. 
29,  PJ.  XIII.)  The  antennae  (tig.  30,  PL  XIII.)  were  also  short  and 
Mtout,  and  armed  with  a  moderately  strong  but  short  and  slightly  clawed 
terminal  spine.  The  mandibles  with  their  palps  resembled  very  closely 
the  figures  of  these  appendages  given  by  Dr.  Ganu  in  his  interesting 
work  on  the  marine  Copepoda  (Lee  Copepodes  du  BaulonnaiSf  PI.  XL, 
figs.  3  and  4).  The  biting  part  of  the  mandible  is  armed  with  Rve  large 
teetb,  arranged  widely  apart,  and  several  minute,  close-set,  and  slightly 
elongated  spinules,  while  the  palp  ends  in  two  short  setiferous  branches 
(fig.  31,  PI.  XIII.).  The  maxillsB  are  broadly  foliaceous,  the  masticatory 
lobe  is  armed  with  a  series  of  spiniforni  set»  along  the  margin,  and 
a  number  of  stout,  elongated  plumose  setae  adorn  the  margins  of  the 
maxilla-palp.  The  anterior  foot-jaws  arc  stout  but  simple  one-jointed 
appeutlages  furnished  with  several  stout  plumose  terminal  setae  (fig.  37, 
PI.  XIV.).  The  posterior  foot-jaws  (fig.  32,  PI.  XIII.)  are  moderately 
stout,  and  armed  with  a  short  but  comparatively  strong  terminal  claw. 
There  are  also  a  number  of  set-ae  on  the  inner  margin  of  these  appendages. 

The  first  pair  of  thoracic  feet  (fig.  38,  PI.  XIV.)  are  stout  and  moderately 
short ;  both  branches  are  three-jointed  and  of  nearly  th(^  same  length,  and 
they  are  both  provided  with  elongated  and  densely  plumose  setae  on  the 
inner  margins.  The  next  three  pairs,  which  are  somewhat  similar  to  each 
other,  have  the  inner  branches  short  and  slender  and  apparently  three- 
jointed,  while  the  outer  branches,  which  are  also  three-jointed,  are 
moderately  stout  and  elongate;  neither  the  inner  nor  outer  branches  were 
observed  to  carry  setae,  their  only  armature  appeared  to  consist  of  one  or 
two  minute  spines.  The  fifth  feet  appeared  to  be  obsolete,  but  this 
appearance  may  have  been  due  to  the  specimen  being  somewhat 
imperfect. 

When  it  is  remembered  that  the  specimen  here  described  was  found 
free  amongst  a  quantity  of  mixed  dredgings,  and  not  in  situ  in  any 
Ascidian,  and  that,  moreover,  from  the  habitat  of  the  animal  its  whole 
structure  is  more  or  less  flaccid  and  more  liable  to  injury  than  the  stronger 
free-swimming  forms,  it  need  not  be  surprisinjs  that  it  should  diff'er  to 
a  small  extent  from  the  more  perfect  and  better  preserved  specimens. 
After  a  careful  study  of  the  characters  of  this  Clyde  specimen,  I  have 
little  doubt  that  it  belongs  to  the  species  to  which  it  has  been  ascribed. 

There  does  not  seem  to  be  any  previous  British  record  of  Gunenotophonis 
globularis,  and  its  occurrence  in  the  Clyde  estuary  is  therefore  of  interest. 

Botryllophilvs  (?)  ruber,  Hesse. 

1864.     BotryUophUua  i^her,  Hesse^  Ann.  Sci.  Nat.  Zool.  (6),  t.  i., 
PI.  XII.,  figs.  1  and  2. 

I  have  noticed  two,  or  perhaps  three,  specimens  of  a  BotryllophUvs  in 
some  material  that  was  dredged  at  Tarbert  Bank,  Lower  Loch  Fyne,  in 
the  vicinity  of  East  Tarbert.  The  specimens  were  not  found  in  situ 
within  any  Ascidian,  but  were  mixed  up  amongst  the  debris ;  their  host 
had  probably  been  damaged  by  the  lip  of  the  dredge  so  that  they  escaped. 

According  to  Dr.  Canu,  the  characteristics  of  the  genus  BotryUophUua 
are  shown  particularly — First,  in  the  structure  and  position  of  the  thoracic 
feet ;  second,  in  the  almost  constant  eziBtence  of  a  single  ovigerous  sac  of 
A  Btrictiy  spherical  form  sheltered  between  the  fifth  feet. 
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The  peculiarity  in  the  fifth  thoracic  feet  in  Botryllophilus  consists 
mainly  in  their  position  on  the  last  thoracic  segment.  Instead  of  occupy- 
ing a  position  more  or  less  on  the  ventral  aspect  of  the  segment,  as  is 
usual  amongst  the  copepuda,  the  position  of  the  fifth  feet  is  more  or  less 
round  towards  the  dorsal  aspect,  and  as  they  each  consist  of  a  single- 
jointed,  elongated,  and  somewhat  curved  spine-like  appendage  which 
projects  more  or  less  out  from  the  body,  they  impart  to  the  copepod  a 
rather  curious  appearance. 

After  the  above  note  on  BotryUophilua  had  been  sent  to  the  printer, 
several  specimens  of  the  copepod  were  obtained  in  situ  in  a  specimen  of 
Botryllus  sp.  collected  at  Station  X.  in  the  Moray  Firth  on  the  16th  of 
June  1 898.  Some  of  the  specimens  carried  a  globular  ovisac  on  the  dorsal 
aspect  between  the  fifth  feet  as  stated  above,  but  the  ovisacs  appear  to  be 
easily  detached ;  they  were  of  a  pale  cream  colour,  due,  probably,  to  the 
long  immersion  in  spirit  of  the  Botryllus. 

Canuella  perplexa,  T.  and  A.  Scott. 

1893.     Canuella perplexa,  T.  and  A.  Scott,  Ann.  Scot.  Nat  Hist., 
vol.  ii.,  p.  92,  PI.  II.,  figs.  1-3. 

This  copepod  was  obtained  in  shore  gatherings  of  Crustacea  collected 
at  Cumbrae,  Firth  of  Clyde,  between  tide-marks^May  6th,  1899,  and  in 
shore  pools  at  Inverkip  on  the  13th  of  the  same  month.  The  species 
appeared  to  be  moderately  rare  at  both  places.  Canudla  is  widely 
distributed,  but  is  apparently  more  frequent  amongst  weed  and  where  the 
bottom  is  of  a  sandy  nature. 

Ectinosoma  graciXe,  T.  and  A.  Scott. 

1896.     Ectinosoma  gracUe,  T.  and  A.  Scott,  Trans.  Linn.  Soc. 
(2.  z.)  vol.  vi.,  p.  429.     Pis.  XXXVL,  XXXVII ,  XXXVIII. 

A  few  specimens  of  this  very  small  species  were  obtained  in  shore 
pools  at  Inverkip,  Firth  of  Clyde,  May  13th,  1899.  Ectinosoma  gracile 
has  already  been  recorded  from  near  Sanda  Island,  Firth  of  Clyde ;  it 
appears  to  be  widely  distributed,  but  being  very  small  is  easily  over- 
looked. 

Tachidius  brevicomis  (MtUler). 

1776.     Cyclops  brevicomis^  MuUer,  ZooL  Dan.,  Prodr.  (2414). 

Though  Tachidius  brevicomis  appears  to  be  generally  distributed,  there 
are  apparently  few  or  no  records  of  it  as  a  member  of  the  Clyde  fauna. 
Being  a  brackish-water  species,  it  need  not  be  sought  for  except  where 
such  conditions  exist,  and  as  there  are  few  shores  around  the  British 
Islands  where  brackish-water  pools  are  not  to  be  found,  the  distribution 
of  the  species  is  correspondingly  extenfiive.  There  are  two  species  of 
Tachidius  recorded  for  Britain,  but  the  one  referred  to  is  readily 
distinguished  by  the  structure  of  the  fifth  thoracic  feet,  which  are  of  the 
form  of  two  comparatiyely  broadly,  roundish  plates,  the  free  margins  of 
which  are  fringed  with  setse.  The  species  was  found  in  shore  pools  at 
Cumbrae  in  May  1899.  The  second  species  Tachidius  littoralig,  Poppe, 
has  already  been  recorded  from  Hunterston,  Firth  of  Clyde.''^ 

Amymone  nigrans,  T.  and  A.  Scott. 

1894.     Amymone  nigrans,  T.  and  A.  Scott,  Ann.  and  Mag.  Nat 
Hist.  (6),  vol.  xiii.,  PI.  VIII.,  figs.  1-7. 

This  carious  copepod  is  rather  less  than  half  a  millimetre  across  the 

•  Proe.  Nat.  SUi.  Soe,  GUug,,  vol  V.  (ir.s.),  p.  861,  1900. 
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longest  diameter,  and  is  of  a  blackish  colour ;  it  is  therefore  easily  over- 
looked. The  species  have  only  hitherto  been  observed  in  Cromarty  Firth, 
where  it  is  not  uncommon.  I  now  record  it  for  Loch  Fyne,  some 
specimens  having  been  obtained  in  a  gathering  of  dredged  material 
collected  near  Otter  Spit,  Upper  Loch  Fyne,  on  January  12th,  1899. 

Jonesiellafimformis  (Brady  and  Robertson). 

1875.     Zosiine  ftmformisy  B.  and  R.,  Brit.  Assoc.  Rep.,  p.  196. 

This  seems  to  be  the  most  frequent  representative  of  the  genus  in  Loch 
Fyne ;  in  the  Firth  of  Forth  it  is  Jonesiella  spinulosa.^  B.  and  R.,  that 
is  the  more  frequent  species.  Jonesiella  fusifomm  occurs  not  rarely  in 
material  dredged  on  Tarbert  Bank,  Lower  Loch  Fyne  ;  it  is  collected  here 
in  almost  every  dredging  that  is  taken.  The  latest  record  I  have  of 
Jonesiella  fiisiformis  itom  this  locality  is  December  12th,  1899. 

Sfejiheiia  hlancliardi,  T.  and  A.  Scott. 

1895.     Stenhslia   blanchardi,  T.  and  A.  Scott,  Ann.  and  Mag. 
Nat.  Hist.  (6),  vol.  xvi.  p.  353,  PI.  XV.,  tigs.  1-10. 

This  distinct  but  apparently  rare  copepod  was  dredged  off  Arisaig, 
Argyleshire,  in  1892,  though  not  described  till  1895.  No  further 
specimens  were  observed  till  the  present  year  (1899),  when  the  species  was 
again  found;  this  time  in  some  material  dredged  in  the  "Fluke  Hole," 
off  St.  Monans,  Firth  of  Forth,  in  1896,  and  the  examination  of  which 
had  been  delayed  for  want  of  time.  This  species  is  readily  distinguished 
from  others  of  the  same  genus  by  the  form  of  the  secondary  branches  of 
the  fifth  pair  of  thoracic  feet,  which  terminate  in  hook-like  processes. 
The  occurrence  of  the  species  in  the  Firth  of  Forth  tends  to  indicate  that, 
though  it  seems  to  be  rare,  it  may  at  the  same  time  be  widely  distributed. 

CantJiocampius  inconspicuuSj  sp.  n.     (PI.  XIV.,  figs.  1-8.) 

Description  of  tJie  Female, — In  general  appearance  this  species  is 
somewhat  similar  to  (Janthocamptiis parvus,  T.  and  A.  Scott.  The  length 
of  the  specimen  figured  measures  from  the  forehead  to  the  end  of  the 
caudal  furca  54mm.  (about  -^  of  an  inch).  The  antennules,  as  in  the 
species  mentioned,  arc  short  and  six-jointed  ;  the  third  joint  is  longer  than 
any  of  the  others,  being  about  equal  to  the  entire  length  of  the  two 
joints  preceding  as  well  as  of  the  two  that  follow  it.  The  formula  shows 
approximately  the  proportional  lengths  of  the  different  joints — 

FroportioPAl  lengths  of  the  joints,     13  *  12  •  82  •  15  •  13  •  20 
Number  of  the  joints,  1  *  2  •  3   •  4    •  5    •  6. 

The  antennae  are  each  furnished  with  a  one-jointed  secondary  branch. 
The  mandibles  are  small,  and  they  are  provided  with  a  small  one-branched 
but  moderately  elongated  palp  (fig.  3).  The  first  pair  of  thoracic  feet 
have  both  branches  three-jointed  ;  the  inner  branches  are  considerably 
longer  than  the  outer,  and  the  first  joint  exceeds  in  length  that  of  the 
second  and  third  combined,  as  shown  in  the  figure  (fig.  5).  The  inner 
branches  of  the  second,  third,  and  fourth  pairs,  which  are  shorter  than  the 
outer  branches',  are  only  two-jointed,  but  the  outer  branches  are  three- 
jointed,  moderately  elongated,  and  sparingly  setiferous  (fig.  6).  The  fifth 
pair  are  small  and  foliaceous ;  the  basal  joint  is  broadly  sub -triangular, 
while  the  secondary  one  is  small  and  ovate ;  both  are  provided  with  a  few 
setse,  arranged  as  shown  in  the  drawing  (fig.  7).  The  caudal  segments 
are  slender  and  about  as  long  as  the  anal  segment  (fig.  8).  The  female 
carries  one  ovisac. 
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Remarks, — This  copepod  has  a  superficial  resemblance  to  a  small 
form,  with  six- jointed  antenuules,  described  by  T.  and  A.  Scott  under  the 
name  of  (?)  Ganthocamptus  parvus,*  Like  that  form,  the  copepod  now 
described  has  the  antennules  six-jointed,  and  the  inner  branches  of  the 
second,  third,  and  fourth  pairs  of  thoracic  feet  two-jointed,  but  the 
proportional  lengths  of  the  joints  of  the  antennules  are  different,  and  the 
caudal  furca,  which  in  Canthocamptus parvus  are  very  short,  are  in  the 
species  now  described  as  long  as  the  anal  segment.  No  males  have  been 
observed. 

Habitat. — Moray  Firth  ;  obtained  amongst  some  dredged  material. 

Mesochra  spinicauda,  T.  and  A.  Scott. 

1895.     Mesochra  spinicaudOy  T.  and  A.  Scott,  Ann.  and  Mag. 
Nat.  Hist.  (6),  vol.  xv.,  p.  52,  PI.  V.,  figs.  12-25. 

This  was  one  of  several  curious  species  that  were  found  in  shore  pools 
at  Musselburgh,  Firth  of  Forth ;  the  pools  occurred  between  tide  marks, 
but  nearer  low  water,  and  were  surrounded  on  all  sides  by  beds  of 
mussels.  I  am  now  able  to  record  the  occurrence  of  the  species  in  shore 
pools  near  Millport,  Cumbrae;  it  was  obtained  in  some  gatherings 
collected  by  hand-net  on  May  6  th,  1899. 

Tetragoniceps  (1)  malleolata^  Brady.     (PI.  XIV.,  figs.  9-17.) 

1880.     Tetragoniceps  maUeolata^  Brady,  Mon.  Brit.  Copep.,  vol. 
ii.,  p.  66,  Pl.LXXVIII.,  figs.  1-11. 

In  I*art  III.  of  the  Tenth  Annual  Report  of  the  Fishery  Board  for 
Scotland  (1892),  p.  252,t  I  recorded  the  occurrence  of  a  species  of 
copepod  which  had  been  obtained  in  the  Firth  of  Forth  off  St.  Monans, 
and  which  I  had  ascribed  to  Tetragoniceps  malleolaia^  G.  S.  Brady.  I 
then  pointed  out,  however,  that  this  copepod,  while  agreeing  in  most 
points  with  the  genus  and  species  named,  differed  in  so  far  as  it 
possessed  nine-jointed  instead  of  eight-jointed  antennules,  and  in  the  fifth 
pair  of  thoracic  feet  being  two-jointed  instead  of  being  composed  of  only 
one  joint.  At  the  time  the  record  was  published,  I  was  quite  aware  that 
the  second  of  these  two  differences  was,  in  view  of  the  definition  of  the 
genus,  a  somewhat  important  one,  but  considered  that,  as  the  copepod 
referred  to  resembled  the  species  named  in  almost  all  the  other  details  of 
structure,  it  was  better  to  ascribe  it  to  that  species  rather  than  to 
institute  a  new  genus  or  species  for  its  reception. 

During  the  pa«t  year  I  have  obtained,  in  some  dredged  material  from 
the  Firth  of  Forth  collected  in  1896,  but  only  recently  examined,  a  few 
more  specimens  of  the  copepod  referred  to  above,  as  well  as  of  another 
and  somewhat  closely  allied  form  that  appears  to  be  und escribed. 

When  the  supposed  Tetragoniceps  malleolata  was  recorded  in  the 
Tenth  AnnuaJ.  Report  no  detailed  description  of  the  form  was  given ;  a 
reference  to  the  two  principal  points  of  difference  was  considered  to  be  at 
that  time  all  that  was  necessary  for  the  identification  of  the  form.  The 
occurrence,  however,  of  the  closely  allied  and  apparently  undescribed 
species  which  I  have  alluded  to  makes  it  desirable  that  a  description  of  both 
forms  should  now  be  given,  so  that  the  differences  that  have  been  observed 
between  th<)m  may  be  more  clearly  indicated. 

It  may  be  considered  doubtful  whether  the  two  forms  to  be  described 
should  be  retained  in  the  genus  Tetragoniceps^  but  for  the  present,  at 

*  Ann.  and  Mag.  Nat,  Hist,  (6),  toL  zyiii.,  p.  6,  PI.  II.,  figs.  14-22  (1896). 
t  Additions  to  the  Fsuna  of  the  Firth  of  Forth,  Part  IV. 
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least,  I  prefer  to  leave  them  there.     The  earlier  recorded  form  irill  be 
described  first. 

Description  of  (?)  Tetragonieeps  malleoUita,  Brady. 

The  body  of  this  copepod  is  elongated  and  slender,  tapering  more  or 
less  gradually  from  the  head   to  the  extremity  of  the  abdomen;  the 
rostrum  is  short,   the  cephalic  and  thoracic  appendages  are  moderately 
elongate,  and  the  entire  length  of  the  specimen  figured  is  '89mm.  (the  -^ 
of  an  inch).     The  autenuules  in  the  female  are  nine-jointed ;  the  first 
joint  is  long,  and  the  inner  distal  angle  is  produced  into  a  stout  and 
somewhat  triangular  tooth-like  process;  the  next  three  joints  are  consider- 
ably shorter  than  the  first ;  the  last  joint  is  about  as  long  as  the  fourth, 
but  the  four  joints  that  precede  the  last  one  are  small ;  a  moderately  long 
sensory  filament  or  astJietask  springs  from  the  end  of  the  fourth  joint  as 
shown  in  the  drawing  (fig.  10).     The  antennse,  mandibles,  and  maxillceare 
nearly  similar  to  those  in  Tetragoniceps  bradyi*     The  posterior  foot-jaws 
are  three-jointed,  but  thelend  joint  is  very  small ;  there  are  two  terminal 
setse — one  moderately  elongate,  the  other  smaller  and  slightly  plumose. 
The  outer  branches  of  the  first  to  the  fourth  paii*s  of  thoracic  feet  are  all 
three-jointed,  but  all  the  inner  branches  are  two-jointed.     In  the  first 
pair,  which  are  comparatively  slender,  the  inner  branches  are  elongate, 
the  first  joint  being  rather  longer  than  the  entire  length  of  the  outer 
branches ;  the  second  joint,  which  is  scarcely  half  the  length  of  the  first, 
carries  two  stout  terminal  setse — the  inner  one  being  the  longer ;  there  is 
also  a  small  seta  on  the  lower  half  of  the  inner  edge  of  the  first  joint. 
The  inner  branches  of  the  second,  thinl,  and  fourth  pairs  are  considerably 
shorter  than  the  outer  branches;  those  of  the  second  and  third  pairs 
extend  slightly  beyond  the  second  joint  of  the  outer  branches ;  but  in  the 
fourth  pair  the  inner  scarcely  reach  the  middle  of  the  second  joint  of  the 
outer  branches,  and  this  difference  is  owing,  in  part  at  least,  to  the  outer 
branches  of  the  fourth  pair  being  proportionally  more  elongated  than  the 
outer  branches  of  the  two  preceding  pairs.     The  fifth  pair  of  feet  are  two- 
jointed  ;  the  basal  joint  is  foliaceous  and  somewhat  triangular  in  outline ; 
it  is  provided  ^vith  three  small  setss  on  the  lower  half  of  the  inner  margin, 
and  with  a  small  apical  seta.     The  second  joint  is  elongated  and  narrow, 
and   it   tapers  gradually  till  it  becomes   somewhat  attenuated  at  the 
extremity;  this  joint  is  provided  with  a  few  small  setae  on  the  outer  edge 
and  one  on  the  inner,  and  also  with  a  slender  terminal  hair.     The  caudal 
segments  are  slender,  and  about  as  long  as  the  last  abdominal  segment 

The  female  carries  one  ovisac,  which  contains  a  few  moderately  large 
ova  arranged  in  a  single  series. 

The  male  differs  little  from  the  female,  except  that  the  antennules  are 
hinged,  and  otherwise  modified  for  grasping ;  the  fifth  pair  of  feet  are 
also  less  fully  developed ;  the  basal  joint  is  sub-quadrate,  and  the  inner 
portion  slightly  produced  distally  and  furnished  with  two  moderately 
stout,  spiniform  apical  setse ;  the  secondary  joint  is  sub-cylindrical,  and  is 
armed  with  a  moderately  stout  and  elongated  spine  near  the  distal  end  of 
the  inner  margin.  The  first  abdominal  segment  in  the  male  bears  slightly 
produced  lateral  appendages  provided  with  three  moderately  long  setse ; 
these  appendages  are  situated  immediately  posterior  to  the  fifth  thorado 
feet. 

Habited. — Firth  of  Forth,  off  St.  Monans ;  rather  rare. 

Tetragoniceps  brevicauda,  sp.  n.     (PI.  XIV.,  figs.  18-22.) 
As  already  stated,  this  copepod  does  not  differ  very  greatly  from 
*  Vide  Part  III.  Tenth  Ann.  lUpwrt  Fitkery  Board  f^  Seotl.,  p.  253,  PI.  IX.  (1892). 
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(?)  Tetragonieeps  malleolata,  but,  for  the  reasons  stated  below,  I  prefer  to 
iescribe  it  under  a  dhtinct  name  rather  than  as  a  "variety"  of  the 
species  referred  to ;  for,  after  all,  the  question  as  to  whether  a  thing  is  a 
"  species  "  or  a  "  variety  "  is  very  much  a  matter  of  opinion. 

Description  of  the  Female. — In  general  appearance  the  female  of 
Teiragonicepa  hrevicauda  is  not  unlike  the  form  just  described,  but  is 
somewhat  smaller.  The  specimen  figured  (tig.  18)  is  ouly  about  '7mm. 
(about  -^^  of  an  inch  in  length).  The  antennules  have  a  structure 
somewhat  similar  to  those  of  (?)  Tetragonieeps  malleolata^  and  there  is 
the  same  hook-like  process  on  the  distal  extremity  of  the  first  joint ;  the 
proportional  lengths  of  the  nine  joints  are,  however,  somewhat  different. 
The  mouth-organs  and  swimming- feet  resemble  those  of  the  species  named, 
except  that  the  first  feet  appear  to  be  rather  more  slender,  and  the  fifth 
pair  are  proportionally  somewhat  smaller^  but  the  secondary  joint  of  the 
fifth  pair  is  distinctly  more  elongated  proportionally  than  that  of  the  fifth 
pair  in  (?)  Tetragonieeps  malleolata  (fig.  21).  The  caudal  segments  ^fig.  22) 
are  distinctly  shorter  than  those  of  the  species  named,  and  they  are  also 
proportionally  stouter ;  the  size  and  form  of  the  caudal  furca  of  the  species 
under  description  are  so  different  from  those  of  the  closely  allied  form 
previously  recorded  as  not  only  to  have  sugijested  the  name  that  has 
been  applied  to  it,  but  were  the  chief  characters  that  first  attracted  my 
attention  when  examining  the  material  in  which  it  was  found. 

No  males  of  this  form  and  only  very  few  females  have  been  observed. 

Habitat. — Firth  of  Forth,  off  St.  Monans. 

Pseudolaophonte  spinosa  (I.  C.  Thompson). 

1893.  Laophonte  spinosa^  I.  C.  Thompson,  Revised  Report  on  the 
Copepoda  of  Liver])ool  Bay,  Trans.  L'pool.  Biol.  Soc.,  vol. 
vii.,  p.  24,  PL  XXX.,  figs.  1-13. 

1896.  Pseudolaophonte  acideata,  A.  Scott,  Report  Lancashire 
Sea  Fisheries  (1895),  p.  11,  PI.  III.,  figs.  7-23. 

This  rare  copepod  species  occurred  in  a  gathering  of  dredged  material 
collected  near  Otter  Spit,  Loch  Fyne ;  a  male  and  a  female  specimen 
were  obtained.  The  antennules  in  this  species  are  each  furnished  with  a 
prominent  and  strong  spine  on  the  lower  (exterior)  aspect  of  the  second 
joint;  both  the  male  and  female  possess  these  spines;  the  female 
antennules  appear  to  be  only  four-jointed.  The  species  has  a  close 
general  resemblence  to  Laophonte,  so  much  so  that,  like  Mr.  I.  C. 
Thompson,  I  was  at  first  inclined  to  regard  it  as  a  member  of  that  genus, 
but  a  close  examination  of  the  thoracic  appendages,  and  especially  of  the 
swimming-feet,  bring  to  light  structural  differences  that  must  exclude  it 
from  the  genus  Laophonte.  The  principal  differences,  as  pointed  out  by 
Mr.  A.  Scott,  are  observed  in  the  structure  of  the  second  and  third  pairs 
of  swimming-feet.  In  the  second  pair  each  foot  consists  of  a  single  one- 
jointed  branch,  and  in  the  third  pair,  though  each  foot  is  two-branched, 
both  branches  are  only  two-jointed.  This  interesting  and  somewhat 
anomalous  copepod  has  not  before  been  recorded  from  the  Clyde  district. 

Leptopsyllus  miner,  T.  and  A.  Scott. 

1896.  Leptopsyllus  minor,  T.  and  A.  Scott,  Ann.  Scot.  Nat.  Hist 
(Jan.  1895),  p.  31,  PL  XL,  figs.  15-22. 

This  species  belongs  to  a  group  of  peculiarly  slender  copepoda,  the 
first  of  which  was  added  to  the  British  fauna  in  1894.*    Hitherto  all  the 

•  Part  in.  of  Twetfih  Ann,  Report  ofths  Fish.  Board /or  SeoL  (1894),  p.  354, 


394  Part  III, — Eighteenth  Annual  Report 

described  species  have  been  found  either  in  shore  pools  or  in  comparatively 
shallow  water.  The  females  do  not  appear  to  be  very  prolific ;  they 
usually  carry  but  one  ovisac,  which  contains  only  a  few — frequently  not 
more  than  three  or  four — ova.  It  is  interesting  to  note,  however,  that 
though  the  creatures  are  small  their  ova  are  comparatively  of  large  size. 

Leptop.^l/llu8  minoTy  which  has  not  before  been  recorded  from  the  Clyde, 
was  obtained  in  shore  pools  near  Millport,  Oumbrae,  and  also  at  Inverkip 
during  the  past  summer. 

Leptopsyllus  herdmani^  I.  C.  Thompson  and  A.  Scott. 

1900.      LeptopsyUus   herdmani,  I.  C.  Thomp.  and  A.    Scott, 
Trans.  Upool  Biol.  Soc,  vol.  xiv.,  p.  141,  PI.  VIII. 

A  few  specimens  of  this  minute  species  were  obtained,  along  with  the 
species  just  recorded,  in  the  shore  pools  at  Millport,  Cumbrae,  in  May 
1899.  One  of  the  principal  differences  between  this  species  and 
LeptopsyUus  minor  is  in  the  comparative  lengths  of  the  inner  and  outer 
branches  of  the  first  thoracic  feet ;  in  the  present  form  the  inner  branches 
are  considerably  longer  than  the  outer  ones,  while  in  LeptopsyUus  minor 
the  inner  are  scarcely  longer  than  the  outer  branches.  There  are  some 
other  differences,  but  they  are  less  obvious  than  the  one  referred  to. 

Naniiopus  pcUustris,  G.  S.  Brady. 

1878.      Nannopus  pdlustris,  G.  S.  Brady,  Mon.    Brit.  Copep., 
vol.  ii.,  p.  101,  PL  LXXVII.,  figs.  18-20. 

This  curious  copepod  was  obtained  in  brackish-water  pools  at  Inverkip, 
Firth  of  Clyde,  on  May  13th,  1899,  but  it  did  not  appear  to  be  very 
common.  It  has  a  superficial  resemblance  to  PlatyehelipuSy  and  may 
have  sometimes  been  passed  over  as  such.  There  are  very  few  Clyde 
records  for  Nannopus. 

CylindropsyUus  minor,  T.  Scott.     (PL  XR^,  figs.  23-32.) 

1892.     OylindropsyUus  minor,  T.  Scott,  Part  III.,  Tenth  Ann. 
Report  Fish.  Board  for  Scot.,  p.  260,  PL  XL,  figs.  17-24. 

The  copepod  described  under  this  name  was  discovered  in  1891  off  St. 
Monaus,  Firth  of  Forth.  At  that  time  no  males  had  been  observed,  and 
therefore,  though  the  characters  of  the  female,  so  far  as  they  could  be 
made  out,  agreed  very  well  with  the  definition  of  the  genus  Cylindrop- 
syUus,  there  was  still  the  probability  that  the  species  might  not  after  all 
be  a  true  member  of  that  genus. 

During  the  past  year  the  examination  of  a  gathering  of  entomostraca 
collected  in  the  same  locality  where  the  species  was  first  discovered  yielded 
several  additional  specimens  to  those  already  observed,  and  this  time  both 
males  and  females  were  obtained.  The  occurrence  of  these  specimens  has 
enabled  me  not  only  to  revise  the  previous  description  of  the  female,  but 
to  add  to  that  a  description  also  of  the  male,  and  to  show  conclusively 
that  the  species  is  a  true  CylindropsyUus, 

Description  of  the  Female.  —Body  cylindrical  (fig.  23) ;  length  of  the 
specimen  figured,  97nim.  (fully  ^^  of  an  inch).  The  antennules,  which 
are  comparatively  short,  are  nine-jointed  ;  the  second  joint  is  considerably 
longer  than  any  of  the  other  joints.  Their  proportional  lengths  are  shown 
approximately  by  the  formula  : — 

Proportional  lengths  of  the  joints,      7  '  48  '  14  '  10  •  10  '  8  *  16 
Numbew  of  the;  joints,  1-2-8-4-6-6*'? 
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The  antennsB  closely  resemble  those  of  CylindropHi/lliis  Icevis,  but 
the  end  joints  are  proportionally  rather  longer ;  the  secondary  branches 
(protopodites)  appear  also  to  bo  slightly  more  elongated.  The  mandible- 
palp,  which  is  moderately  slender,  is  of  greater  length  than  the  same 
appendage  in  Cylindropsyllvs  Icevis^  and  is  composed  of  two  joints, 
but  the  last  joint  is  small  (fig.  24).  The  maxillas  appear  to  be  similar  to 
those  of  the  species  named.  The  anterior  foot-jaws  (first  maxillipedes) 
are  small  and  apparently  one-jointed ;  the  single  joint  is  somewhat 
dilated,  and  bears  two  elongate  processes  at  the  distal  end  of  the  inner 
margin  ;  the  terminal  claw  is  also  moderately  large  and  stout  (fig.  25). 
The  posterior  foot-jaws  (second  maxillipedes)  are  slender  and  two-jointed, 
and  armed  with  a  moderately  long,  slender,  almost  setiform,  terminal 
claw  (fig.  26).  All  the  thoracic  feet  are  as  previously  described.  The 
caudal  segments  are  nearly  as  long  as  the  anal  segment,  and  they  are  each 
furnished  with  a  broad,  sabre-like  terminal  spine  nearly  of  the  same 
length  as  the  furcal  segment,  and  each  spine  bears  a  secondary  setiform 
process  on  the  outer  margin  (fig.  29).  The  segments  are  also  provided  with 
one  or  two  minute  hairs. 

Description  of  the  Male, — The  antennules  of  the  male  are  modified  for 
grasping.  The  cephalo-thoracic  and  other  appendages  are  similar  to 
those  of  the  female,  except  in  the  following  particulars: — (1)  The  outer 
branches  of  the  second  pair  of  thoracic  feet,  which  are  moderately  stout 
and  elongate,  are  each  armed  with  a  stout  elongated  falciform  terminal 
process,  bent  inwardly  at  nearly  right  angles  to  the  joint  from  which  it 
springs.  These  processes  are  somewhat  similar  to  those  on  the  outer 
branches  of  the  second  feet  of  the  male  of  Cylindropsyllus  Icevis,  but  the 
apex  is  somewhat  differently  modified,  as  shown  by  the  drawing  (fig.  30). 

(2)  The  short  inner  branches  of  the  third  pair  differ  from  those  of  the 
female  in  having  the  first  joint  produced  interiorly  into  a  stout  tapering 
spine,  which  is  slightly  sinuate,  and  extends  beyond  the  end  of  the  second 
joint;  the  second  joint  is  dilated — both  margins  being  convex  (fig.  31). 

(3)  The  caudal  segments  are  provided  with  tei*minal  spines  that  are  stout 
and  tapering  (fig.  32).  It  may  also  be  noted  that  the  exterior  spine  with 
which  each  of  the  fifth  feet  in  the  female  is  armed  is  wanting  in  those  of 
the  male. 

Cylirvlropsyllus  minor^  though  apparently  not  very  common,  is  a  widely 
distributed  species ;  it  has  been  obtained  not  only  olf  St.  Monans,  Firth 
of  Forth,  but  also  at  Ballantrae  Bank,  Firth  of  Clyde.  I  have  not,  how- 
ever, observed  male  specimens  other  than  those  referred  to  in  the  pre- 
ceding description,  which  are  from  the  Forth  estuary ;  probably  the  males 
are  scarcer  than  the  other  sex. 

Hu7iiemannia  jadeTisiSy  S.  A.  Poppe. 

1884.     Huntemannia  jadensis,   S.  A.  Poppe,  Abhandl.  d.  Nat. 
Ver.  Bremen,  Bd.  IX.,  p.  59. 

In  previous  years  I  have  recorded  this  curious  species  from  the  head  of 
West  Loch  Tarbert  (Cantyre),  and  from  the  Cromarty  Firth,  which 
hitherto  appeared  to  be  the  only  two  Scottish  localities  where  this 
copepod  was  known  to  occur.  I  have  now  to  report  two  additional 
stations  for  Hunte^iiaimia,  both  of  which  are  in  the  Clyde  district.  It 
was  taken  with  the  hand-net  in  shore-pook  a  little  below  high-water 
mark  at  the  south-west  corner  of  the  Greater  Cumbrae  on  May  6th,  1899, 
and  in  shore-pools  at  Inverkip  on  the  13th  of  the  same  month.  At 
the  latter  place  I  obtained  for  the  first  time  one  or  two  females  with 
ovisacs.  I  find  that  the  females  of  this  species  carry  two  ovisacs  of 
average  size,  which  contain  a  considerable  number  of  small  ova.     What 
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we  know  of  the  distribution  of  this  species  tends  to  show  that  it  is  more 
or  less  restricted  to  brackish  water. 

Hyopsylliks  coriaceus,  Brady  and  Robertson. 

1873.    Ilijopsyllus  coriaceus,  B.  &  R,  Ann.  and  Mag.  Nat.  Hist. 
(4),  vol.  xii.,  p.  132,  PI.  IX.,  figs.  1-5. 

I  have  to  record  the  occurrence  of  this  small  but  interesting  species 
from  the  Cromarty  Firth.  It  was  obtained  in  a  brackish-water  pool  at 
the  mouth  of  the  River  Alness  in  the  summer  of  1893,  and  only  one 
specimen  was  observed.  It  was  not  recorded  at  that  time,  as  it  was 
expected  that  other  specimens  might  be  found,  when  a  description  with 
drawings  of  the  species  would  have  been  prepared.  No  more  specimens 
have,  however,  been  discovered,  and  I  now  therefore  place  on  record  the 
solitary  specimen  obtained,  which  appears  to  be  a  female. 

Quite  recently  the  Rev.  A.  M.  Norman  very  kindly  presented  me  with 
a  few  specimens  of  this  species  collected  by  himself  at  Birterbuy  Bay, 
Ireland,  in  1874.  These  at  first  sight  looked  as  if  they  belonged  to  another 
species,  for,  instead  of  the  broad  spathulate  furcal  setse  referred  to  in 
Prof.  G.  S.  Brady's  description  and  figures,  the  principal  furcal  setae  were 
long  and  slender ;  but  this,  it  was  afterwards  found,  was  merely  a  sexual 
difterence,  the  specimena  I  had  received  from  Dr.  Norman  being  males, 
whereas  the  Cromarty  Firth  specimen,  like  that  described  by  Prof. 
Brady,  was  a  female.  Moreover,  it  was  observed  that  a  form  of 
IlyopsylliLi,  which,  in  my  report  on  some  Entomostraca  from  the  Gulf  of 
Guinea,  I  had  described  under  the  name  of  IlyopsyUua  affinis,  resembled 
so  closely  these  Birterbuy  males  that  it  is  probably  only  a  southern 
form  of  Ilyopsyllus  coriaceua.  The  Gulf  of  Guinea  specimens  were 
obtained  in  a  shore-gathering  collected  at  the  Island  of  Sao  Thome. 
These  Copepods  are  strongly  gibbous  on  the  dorsal  aspect^  and  the 
peculiar  spathulate  furcal  sctii)  of  the  female  of  Hyopsyllus  coriaceus  serve 
to  distinguish  it  readily  from  its  congeners. 

ScuteUidium  tishoideSy  Claus. 

1866.     ScuteUvHum  tisbotJeSj  Claus,  Die  Copep.-Fauna  v.  Nizsa, 
p.  21,  t.  iv.,  figs.  8-15. 

This  somewhat  rare  copepod  has  been  obtained  at  various  times  in 
shore-pools  between  tide-marks  at  Bay  of  Nigg,  Aberdeen.  The  species 
does  not  appear  to  be  very  rare  in  some  of  the  gatherings  obtained  here. 
On  the  other  hand,  I  have  as  yet  failed  to  obtain  it  in  the  Firth  of  Clyde, 
and  neither  Mr.  Robertson  nor  Prof.  Brady  appear  to  have  observed  it 
there ;  neither  do  I  remember  of  its  having  been  observed  by  us  in  the 
Firth  of  Forth — probably  its  distribution  is  local  rather  than  rare.  The 
colour  of  the  Bay  of  Nigg  specimens  was  generally  not  very  pronounced ; 
some  were  colourless,  but  usually  they  wore  tinged  more  or  less  with  a 
light  brownish  pigment. 

Clausia  duthce^  T.  and  A.  Scott. 

1896.     Clausia  clutluv^  T.  and  A.  Scott,  Ann.  and  Mag.  Nat. 
Hist.  (6),  vol.  xviii.,  p.  1.,  PI.  I.,  figs.  1-12. 

Several  specimens  of  this  curious  copepod  have  been  obtained  in 
dredged  material  from  Tarbert  Bank,  Lower  Loch  Fyne.  Though  this  is 
apparently  the  first  time  that  Clausia  cluthca  has  been  recorded  from 
Loch  Fyne,  it  is  not  the  first  time  for  the  Clyde  generally;  the  specimens 
from  which  the  species  was  described  were  discovered  in  Ayr  Bay  in 
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1896.  In  this  species  the  fifth  thoracic  feet  project  outward  from  each 
side  of  the  body,  and  are  more  or  less  conspicuous.  The  genus  ClauHa 
was  established  by  Claper^de  in  1863.  Boeck,  not  knowing  this,  estab- 
lished a  genus  of  free-swimming  Copepods  under  a  similar  name  in  1864, 
but  in  1872  Boeok  changed  his  "  Clauda"  to  " Pseudocalantis" 

Oorycceus  angltcm,  Lubbock.     (PI.  XIII.,  figs.  1-14.) 

1857.     Coryccens  anglicus,  Lubbock,  Ann.  and  Mag.  Nat.  Hist. 
(2),  vol.  XX.,  PI.  XL,  figs.  14-17. 

This  pretty  species  was  added  to  the  British  fauna  by  Sir  John 
Lubbock  in  1857  from  specimens  which  had  been  obtained  at  Weymouth. 
For  a  considerable  number  of  years  afterwards  our  knowledge  of  the 
British  distribution  of  the  species  was  almost  entirely  limited  to  the 
information  contained  in  the  description  which  Sir  John  had  published. 

In  1880  Prof.  G.  S.  Brady,  by  the  publication  of  the  third  volume  of 
his  monograph  of  British  Copepoda,  was  able  to  considerably  extend  the 
known  distribution  of  our  Gorycceus.  But  though  our  knowledge  of  its 
British  distribution  continued  to  increase  from  year  to  year,  there  has 
apparently  been  no  record  of  it  from  the  Scottish  seas  till  1896,  when  a 
report  of  its  occurrence  in  the  Firth  of  Forth  was  published  in  Part  III. 
of  the  Fourteenth  Annual  Report  of  the  Fishery  Board  for  Scotland. 
So  far  as  I  know,  no  further  captures  of  (Jorycceus  have  been  made  in 
Scottish  waters  till  the  past  summer,  when  it  was  taken  in  the  Firth  of 
Clyde.  It  occurred  in  a  surface  tow-net  gathering  collected  in  the 
vicinity  of  Ailsa  Craig  on  the  29th  of  May. 

The  presence  of  Corycftus  anglicus  in  our  Scottish  estuaries  may  be 
owing  to  changes  in  the  trend  of  oceanic  currents  induced  by  the 
prevalence  of  certain  winds,*  or  it  may  be  that  the  methods  of  research 
being  now  more  perfect  than  formerly,  the  presence  of  such  organisms  is 
more  readily  detected.  Several  specimens  of  Corycoeus  were  obtained  in 
the  Clyde  gathering  collected  on  the  29th  of  May,  and  some  of  the 
colouring  of  the  species  still  remained  when  they  first  came  under  my 
observation.    Both  males  and  females  were  obtained. 

The  female  represented  by  the  drawing  on  Plate  XIII.  measured  slightly 
over  one  millimetre  in  length,  while  the  length  of  the  male,  which  is 
represented  by  one  or  two  detailed  figures  on  the  same  plate,  was  slightly 
less  than  that  of  the  female.  The  female  antennules  are  short  and  six- 
jointed.  The  proportional  lengths  of  the  joints  are  shown  approximately 
by  the  formula : — 

Proportional  lengths  of  the  joints,    8  *  8  '  8  ■  10  '  7  '  5 
Number  of  the  joints,  1  •  2  •  3   •  4    •  6  •  6 

The  antennae  (fig.  3)  are  stout ;  each  \h  armed  with  a  moderately  strong 
and  slightly-hooked  terminal  claw ;  an  elongated  spine  springs  from  the 
inner  distal  angle  of  the  first  joint,  while  one  or  two  smaller  spines  occur 
on  the  other  joints.  In  the  male  the  terminal  claws  of  the  antennse  are 
long  and  sickle-shaped  (fig.  12).  J  he  biLlng  part  of  the  mandible  is 
armed  with  a  few  moderately  long  teeth,  and  one  or  two  spine-like  lateral 
appendages.  The  palp  is  very  small,  and  composed  of  a  single  one- jointed 
branch  (fig.  4),  The  maxillae  are  simple,  one-jointed  and  moderately 
stout,  and  armed  with  a  few  short,  stout,  apical,  and  sub-apical  spines 
(fig.  5).  The  anterior  foot-jaws  (fig.  6)  are  short  and  very  stout,  their 
structure  is  somewhat  rudimentary,  and  their  armature  consists  of  several 

*  My  son,  Mr.  Androw  Scott,  in  a  letter  to  me  on  July  28th,  incidentally  mentioned 
that  Mr.  I.  C.  Thompson  "haa  been  getting  Corycaus  anglicus  in  abundance  off  Port 
Erin,  Isle  of  Man,  a  week  or  two  ago."  That  would  be  nearly  about  the  time  it  was 
observed  in  the  Clyde. 
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apical  and  sub-apical  setae.  The  posterior  foot-jaws  of  the  female  (fig.  7) 
have  moderately  short  and  slender  terminal  claws,  bat  those  of  the  male 
(fig.  13)  are  armed  with  terminal  claws  of  considerable  length.  The  first 
three  pairs  of  swimming-feet  have  both  branches  three-jointed.  The 
inner  branches,  which  are  considerably  shorter  than  the  outer,  are 
provided  with  a  number  of  setae  on  the  inner  margin  and  apex,  but  have 
apparently  no  terminal  spines ;  the  outer  branches  are  also  furnished  with 
several  setae  on  the  inner  edge.  Moreover,  the  first  and  second  joints  bear 
a  short  but  moderately  stout  spine  on  the  exterior  distal  angle,  while  the 
third  joint  carries  two  marginal  and  two  apical  spines,  the  inner  one  of 
the  two  apical  spines  being  longer  and  stouter  than  the  other  (figs.  8 
and  9).  In  the  fourth  pair  (fig.  10)  the  inner  branches  are  reduced  to  a 
single  minute  joint ;  the  outer  branches  are  also  comparatively  small,  and 
they  want,  to  a  large  e:ctent,  the  spiniform  armature  of  the  outer  branches 
of  the  preceding  pairs.  The  fifth  pair  are  small,  and  each  consists  of  a 
single   one-jointed   branch,   which    is   furnished  with   two  apical  setae 

(fig.  11). 

In  the  female  the  lateral  processes  of  the  fourth  body  segment  extend 
backward  to  about  the  middle  of  the  penultimate  segment  of  the 
abdomen.  This  abdominal  segment  appears  to  be  larger  in  the  male  than 
in  the  female,  as  shown  by  the  figure  (fig.  14).  The  caudal  segments  in 
both  male  and  female  are  moderately  elongated^  being  about  one  and  a 
half  times  the  length  of  the  anal  segment. 

This  species  when  living  is  one  of  the  more  brilliantly  coloured  of  the 
British  Copepods,  but  spirit  extracts  the  colour  very  quickly. 

MamiriUa  (?)  danoa,  Clapar^de.     (PI.  XIII.,  figs.  15-20.) 

1863.  MonstriUa  dance,  Clap.,  Beobacht.  lib.  Anat.  u.  Enwickl.- 
wirbellos  Thiere  an  der  Kiiste  v.  Kormandie  angestellt., 
p.  95. 

Representatives  of  this  curious  genus  of  copepods  have,  as  in  previous 
years,  been  occasionally  observed  in  tow-net  gatherings  of  entomostraca 
from  the  Clyde.  Two  or  three  species  of  the  Monstrillidae  have  been 
recorded  from  North  Britain,  but  the  only  one  that  has  hitherto  been 
observed  in  the  Clyde  estuary  is  the  species  now  referred  to,  and  which  I 
have  for  the  present  ascribed  to  Ciapar^de's  ManstriUa  dance.  The 
genus  MonstrUla  was  added  to  the  British  fauna  in  1857  by  Sir  John 
Lubbock,  when  he  described  the  MonstrUla  anglica.  For  nearly  thirty 
years  afterwards  little  or  nothing  further  appears  to  have  been  known 
concerning  these  organisms,  so  far  at  least  as  regards  their  distribution 
in  the  British  seas,  and  in  view  of  this  it  is  somewhat  remarkable  that 
now  not  a  year  passes  without  a  lesser  or  greater  number  of  specimens, 
representing  sometimes  two  or  three  different  species,  being  observed. 

In  1890  Gilbert  C.  Bourne  published  in  the  Qttwterli/  Journal  of 
Microscopical  Science  a  little  paper  on  the  genus  MoiidriUa^  and  gave  a 
short  summary  of  the  characters  of  the  different  forms.  He  divided  them 
into  two  groups,  distinguished  by  the  number  of  furcal  hairs.  In  the  one 
group  the  number  of  setse  on  each  furcal  member  is  said  not  to  exceed 
three,  while  in  the  other  there  are  said  to  be  six  setae  on  each  of  the 
caudal  furca.  MonstrUla  dame  was  placed  by  Mr.  Bourne  in  the  first  of 
these  groups. 

The  Clyde  specimens  which  I  record  here,  and  which  I  am  inclined  to 
ascribe  to  MonstrUla  dance,  do  not  fit  in  with  either  of  Mr.  Bourne's 
groups  as  regards  the  number  of  furcal  hairs.  In  the  more  perfect  of  the 
specimens  there  are  five  hairs  on  each  of  the  caudal  rami,  four  of  which 
are  prominent  and  one  very  small ;  of  the  four  large  hairs,  three  spring 
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from  the  end  of  the  furca  and  one  from  a  notch  on  the  outer  margin ; 
the  small  hair  is  also  marginal. 

The  male  and  female  have  each  three  abdominal  segments.  Those  of 
the  male  are  nearly  of  equal  size,  hut  in  the  female  the  genital  segment 
is  about  as  long  as  the  combined  length  of  the  next  two,  and  it  is 
provided  on  the  ventral  aspect  with  two  moderately  long  setse.  In  the 
specimen  figured  (6g.  15)  several  minute  ova  were  observed  attached  to 
these  genital  sette,  as  shown  in  the  drawing.  The  fifth  thoracic  feet  in 
the  female  (fig.  18)  are  sub-cylindrical,  and  rather  longer  than  broad, 
and  carry  two  apical  setie. 

Monstnlla  dame  appears  to  be  more  frequent  in  Upper  Loch  Fyne 
than  in  the  seaward  part  of  the  Clyde.  In  a  tow-net  gathering  collected 
on  the  28th  November  last  (1899)  near  the  head  of  the  loch  as  many  as 
twenty-seven  specimens  of  MonstrUla  were  obtained,  apparently  all 
belonging  to  this  species.  But  a  much  larger  number  of  specimens  was 
obtained  in  a  gathering  collected,  also  near  the  head  of  the  loch,  in  the 
month  of  September  immediately  preceding.  This  gathering,  which  was 
collected  with  the  surface  tow-net  on  the  29th  of  the  month  referred  to, 
was  a  small  gathering,  and  contained  a  considerable  quantity  of  fibrous 
matter.  It  was  not  examined  until  the  following  month  of  March,  when 
over  eighty  specimens  were  obtained  I  The  specimens  comprised  both 
males  and  females,  but  whether  they  all  belong  to  the  one  species  I  am 
not  yet  in  a  position  to  say.  The  fact  that  such  a  large  number  of 
specimens  was  found  in  a  single  small  gathering  is  of  no  little  interest  in 
its  bearing  on  the  distribution  of  these  curious  animals. 

Pseudanthesaiua  tlwreUii  (Brady  and  Robertson). 

1875.     Lichomolgua  thoreUii,  B.  and  R.,  Brit.  Assoc.   Report, 
p.  197. 

This  species,  which  is  one  of  the  Lichomolgidse  distinguished  by  the 
possession  of  elongated  caudal  iurca,  has  been  obtained  in  dredged 
material  from  various  parts  of  the  Clyde  area.  It  is  quite  easily  dis- 
tinguished from  LicJiomolgue  forficida,  which  also  has  long  furca,  not 
only  by  the  structure  of  the  inner  branches  of  the  fourth  pair  of 
swimmuig-feet  and  the  difference  in  the  proportional  lengths  of  the 
abdominal  segments,  but  also  by  the  difference  in  habitat.  Lichomolgue 
forJiciUa  lives  in  the  branchial  cavity  of  large  Ascidians,  while 
PseudantJiessiics  thorelUi  appears  to  live  free  amongst  weed  or  zoophytes, 
and  perhaps  also  amongst  Filograna,  I  have  not  on  any  occasion  found 
it  naturally  inside  an  Ascidian,  and  neither  does  Professor  Brady  in  his 
description  of  the  species  refer  to  it  as  a  commensal. 

HerTJianeUa  arenicola  (G.  S.  Brady). 

1872.       Boedcia  arenicola^  G.    S.   Brady,   Nat.    Hist.    Trans., 
Northumberland  and  Durham,  vol.  iv.,  p.  430. 

A  specimen  of  this  fine  species  was  obtained  in  a  gathering  of  entomo- 
straca  from  Loch  Gilp  (near  Ardrishaig,  Loch  Fyne),  which  is  a  new 
Clyde  Station  for  this  species.  The  vicinity  of  Otter  Spit  is  the  only 
other  locality  within  the  Clyde  area  that  I  know  of  where  HermaneUa 
arenicola  has  been  obtained. 

Asterocheres  (1)  echinicda  (Norman).     (Pi.  XIV.,  figs.  33-36.) 

An  Aeterocheres  is  obtained  in  the  water  passages  of  a  sponge  {SuberiteB 
sp.),  common  both  in  the  Clyde  and  Loch  Fyne,  which  is  closely  allied  to 
Aeterocheres  echinicda  (Norman),  and  which  may  probably  be  only  a 
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variety  of  that  species.  Tt  differs  from  the  typical  Asterocheres  echintcola 
in  having  the  caudal  segments  rather  shorter  than  the  anal  segment,  while 
in  typical  specimens  these  are  slightly  longer  than  that  segment. 
The  geueml  outline  of  the  cephalothorax,  and  especially  the  outline 
of  the  posterior  margin  of  the  third  segment,  seem  also  to  be  slightly 
different,  as  shown  by  the  drawing  (fig.  33).  Moreover,  the  outer  lobe  of 
the  niaxillte  is  also  apparently  somewhat  shorter  than  that  of  the  same 
appendages  in  AsferocJieres  echini  cola,  but  whether  such  differences  are 
constant  seems  somewhat  doubtful. 

A  species  of  Asfero^^heres  described  by  Dr.  Giesbrecht,  of  Naples,  under 
the  name  of  AstcrocJieres  suberifes,  seems  to  have  a  haldtat  similar  to  this 
Loch  Fyne  form,  und  it  also  agrees  with  the  same  form  in  having  the 
caudal  segments  shorter  than  the  anal  segment ;  indeed  the  difference  in  the 
length  of  the  caudal  segments  appears  to  constitute  one  of  the  principal 
points  of  distinction  between  Atftervcfieres  ecJiinicola  (Norman)  and 
AsferocJieres  suberifes  (Giesbrecht).  Notwithstanding  the  points  of  agree- 
ment observed  between  this  Clyde  copepod  and  Giesbrecht*s  A,  suheritetf, 
I  prefer  for  the  present  at  least  to  ascribe  it  to  the  A,  echlnicola^  Norman. 
It  may  also  be  noted  that  Asterocheres  boecki  (G.  S.  Brady)  was  occasion- 
ally obtained  in  the  water-passages  of  Suberites  in  company  with  the 
A,  (1)  ecJiinicola. 

BJtifncliomyzon  jmrjmrocinctum  (T.  Scott). 

1893.    Cyclopicera  purpurocifidum,  T.  Scott,  Eleventh  Ann,  Report 
Fish.  Board  of  Scot,  (III.),  p.  209,  PI.  III.,  figs.  29-40. 

This  species,  which  has  already  been  recorded  from  one  or  two 
places  on  the  East  Coast  of  Scotland,  has  only  recently,  and  for  the 
first  time,  been  observed  in  the  Clyde  district.  It  occurred  in  the 
washings  of  dredged  materials  (weed,  gravel,  sand,  etc.)  collected  in 
the  vicinity  of  Otter  Spit,  Upper  Loch  Fyne,  on  Januaiy  x2th,  1899,  at  a 
depth  of  about  8  to  15  fathoms.  The  occurrence  of  the  sptcios  here 
would  seem  to  indicate  that  though  it  may  be,  and  probably  is,  a  scarce 
one,  it  may  be  more  or  less  generally  distributed  around  our  shores.  The 
species  is  readily  distinguished  not  only  by  its  general  form,  but  by  the 
fact  that  it  is  adorned  by  a  dark  purple-coloured  band  extending  across  the 
thorax,  and  it  is  worth  noting  in  regard  to  this  band  that  a  lengthened 
immersion  in  methylated  spirits  appears  to  have  had  little  effect  on  it. 
Usually  the  spirit  extracts  the  colouring  matter  very  quickly  from  these 
microforms,  but  it  would  appear  that  in  this  case  the  purple  pigment  is  of  a 
more  permanent  character  than  that  generally  observed  in  the  colours  of 
copepoda. 

Artotroyus  orbicularis^  Boeck. 

1 851).    Arhtrogiis  orbicularis^  Boeck,  Forh.  Vid.-Selsk.,  Christiania, 
p.  2.  PI.  I. 

One  specimen,  about  one  millimetre  in  length  and  0*78  millimetre  in 
breadth,  was  obtained  amongst  some  washings  of  material  dredged  on 
Tarbert  Bank,  Loch  Fyne,  on  the  28th  October  last  (1899).  This  is  the 
second  specimen  of  this  rare  species  from  the  same  locality.*  L  O. 
Thompson  has  recorded  this  species  from  the  Liverpool  Bay  district,t  but 
Tarbert  Bank,  Lower  Loch  Fyne.  is  the  only  Scottish  locality  I  know  of 
where  Artotrogus  orbicularis  has  been  obtained. 

♦  Sixteenth  Ann,  JUport  Fish,  Board  of  Scot.  (III.),  p.  272,  PI.  XIV.,  figs.  12-21(1898). 
t  Trans,  Lit,  aiid  Phil.  Soc,,  Liverpool,  vol.  viii.,  p.  37. 
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Parartotrogvs  richardi,  T.  and  A.  Scott. 

1893.     Parartofrogits  nckardi,  T.  and  A.  Scott,  Ann.  and  Mag. 
Nat.  Hist.  (6),  vol.  xl.,  p.  210,  PL  VII.      . 

This  curious  little  species  has  not  before  been  observed  in  the  Clyde 
area.  It  is  a  form  that  is  readily  missed,  and  may  therefore  be  more 
widely  distributed  than  at  present  it  appears  to  be.  In  Scotland  it  has 
only  hitherto  been  observed  in  the  Firth  of  Forth,  but  it  has  also  been 
found  in  the  vicinity  of  Naples  by  Dr.  W.  Giesbrecht. 

Amphipoda. 

A  few  of  the  amphipods  observed  in  the  tow-net  and  other  gatherings 
sent  from  the  Fishery  steamer  **  Garland  "  may  now  be  noticed.  Only  the 
rarer  forms  are  recorded  here. 

Hyperiid^. 

Hyperia  gcUba,  ParcUhemisto  (?)  ohlivia^  and  Hyxyerorhe  taurifatinis 
have  been  occasionally  observed  in  the  tow-net  gatherings  sent  from  the 
Clyde  and  Loch  Fyne.  These  may  still  be  reckoned  as  comparatively 
rare  amphipods  in  the  Clyde  area.  Their  scarcity  here  is  in  somewhat 
marked  contrast  to  the  frequency  of  the  species  on  the  East  Coast. 

PONTOPOREIIDiE. 

Urothoe  inarina  has  been  obtained  at  Tarbert  Bank,  Loch  Fyne,  while 
Aryiasa  hamatlpes  (Norman)  has  been  observed  in  tow-net  gatherings 
collected  both  in  Loch  Fyne  and  in  the  seaward  portion  of  the  Clyde 
estuary.  Argissa  is  sometimes  frequent  in  under  surface  tow-net 
gatherings  from  the  Clyde.  The  somewhat  remarkable  difference  in  the 
dorsal  aspect  of  the  urosome  in  the  male  and  female  is  an  interesting 
feature  of  this  species.  Argissa  was  also  obtained  in  a  tow-net  gathering 
collected  in  Aberdeen  Bay  in  May  1898. 

AMPHILOGHrD.«. 

A  number  of  species  belonging  to  this  group  have  been  observed  in  the 
gathering  of  tow-netted  and  dredged  material  sent  from  the  "  Garland  " 
during  the  past  year.  One  of  these  appears  to  be  identical  with  a  form 
discovered  a  few  yeai-s  ago  in  the  Moray  Firth.  This  form  was  described 
in  the  "  Annals  and  Magazine  of  Natural  History  "  *  under  the  name  of 
(?)  Cy2>roulia  In-evirostriSj  T.  and  A.  Scott ;  it  is  a  very  small  amphipod, 
scarcely  reaching  to  two  millimetres  in  length ;  the  Clyde  specimens,  which 
are  of  a  somewhat  chocolate-brown  colour  are  easily  overlooked. 
Cyproidia  hrevirostris  comes  very  near  Cyproidia  dannioniensis,  Stebbing. 
Stegoplax  longirodris,  G.  O.  Sars,  is  also  another  closely  allied  form. 
A  few  specimens  of  Cyproidia  Wevirostris  were  obtained  in  some  dredged 
material  from  Tarbert  Bank,  Loch  Fyne — a  rocky  baifk  which  rises  to 
within  15  or  17  fathoms  of  the  surface,  while  all  around  the  water  is 
deep.     This  amphipod  has  not  before  been  recorded  from  the  Clyde  area. 

EPIMERIDiE. 

Epimeria  comigera  (Fabricius),  var.  In  Part  III.  of  the  Fifteenth 
Annual  Report  of  the  Fishery  Board  for  Scotland.  (1897),  p.  169,  I 
recorded  from  the  Clyde  a  specimen  of  what  appeared  to  be  Epimeria 
tuberculata^  G.  O.  Sars ;   and  since  then  a  few  more  specimens  of  the 

*  Ser.  6,  vol.  xii.,  p.  244,  Pi.  XIII.  (1893). 
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same  torm  have  been  obtained.  They  are  usually  found  in  bottom  tow- 
net  gatherings  from  the  deeper  parts  of  the  Clyde.  It  now  appears  that 
these  Clyde  specimens  do  not  belong  to  Sars'  Epinteria  fuherctdatOy  but 
are  a  deep-sea  variety  of  Epimeria  comigera.  They  seem  to  form  a  con- 
necting link  between  the  two  species  named,  and  to  belong  nearly  as 
much  to  the  one  as  to  the  other.  It  is  a  form  which  is  in  some  respects  as 
handsome  as  typical  specimens  of  either  species,  both  in  size  and 
coloration. 

EusmiDiE. 

Specimens  of  Eusirus  longipes^  Boeck,  have  been  occasionally  observed 
during  the  year  in  bottom  tow-net  gatherings  both  from  the  Clyde  and 
Loch  Fyne,  but  few  of  the  specimens  appeared  to  be  mature. 

Gammarid.£. 

McBi'a  othonia  (M.-Edw),  Cheirocrates  intermedins,  G.  0.  Sars,  and 
LiUjehoryia  kindhani  (Spence  Bate)  have  all  been  obtained  in  material 
dredged  at  Tarbert  Bank,  Loch  Fyne,  at  a  depth  of  15  to  17  fathoms. 
Megaluropus  agilis  was  captured  in  a  tow-net  gathering  from  the  vicinity 
of  8auda  Island,  Clyde,  collected  September  5th,  1899. 

PHOTIDiE, 

Leptochirus  pilosus. — A  few  specimens  of  this  species  were  recently 
obtained  in  material  from  Tarbert  Bank.  In  most  of  the  Clyde  specimens 
I  have  seen,  some  of  which  were  females  with  ova,  the  secondary  branches 
of  the  antennules  are  only  two-jointed,  the  end  joint  being  quite  small. 
Another  species,  Microprotopus  maculattis,  Norman,  was  obtained  in  a 
bottom  tow-net  gathering,  recently  examined,  collected  in  Aberdeen  Bay 
in  May  1898. 

PODOCERIDiE. 

Of  species  belonging  to  this  group  the  following  may  be  mentioned  : — 
Ischyrocerus  7ninutu8,  which  was  obtained  in  the  same  gathering  as  that 
in  which  the  Microprotopus  referred  to  above,  was  observed.  Erictithonius 
abditus  occurred  in  a  bottom  tow-net  gathering  from  28  fathoms  collected 
in  the  vicinity  of  Ailsa  Craig,  Firth  of  Clyde,  October  10th,  1899. 

Cafrellid^. 

Protella  phasma  (Mont.)  is  not  very  rare  at  Tarbert  Bank,  Loch  Fyne. 
There  are  few  hauls  with  the  dredge  taken  here  in  which  it  does  not  occur. 
CapreUa  linearis  (Linn.)  was  obtained  at  Inverneil  Bay,  Loch  Fyne,  by 
Mr.  F.  G.  Pearcey  in  November  1899.  Males  and  females  of  the  same 
pecies  have  also  been  captured  by  the  fishery  steamer  in  the  Moray s 
Firth. 

Oaprella  septentrionalis,  Kroyer. — One  specimen  of  this  somewhat  rare 
species  was  captured  in  the  Cromarty  Firth  on  June  6th,  and  another  on 
November  23rd,  1898.  I  am  not  aware  of  any  previous  record  of  this 
species  for  the  East  Coast  of  Scotland. 

ISOPODA. 

There  are  few  isopods  to  record.  A  considerable  number  of  the 
chelifera  have  been  observed  during  the  year,  but  most  of  the  species  to 
which  they  belong  have  already  been  recorded.  A  few,  however,  require 
further  study. 
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Several  parasitic  forms  have  been  observed,  among  which  are  the 
following: — Phryxus  abdominalis,  attached  to  the  under  side  of  the 
abdomen  of  Spirontocaris  securifronSy  captured  in  the  shrimp-trawl  net 
of  the  fishery  steamer  "  Garland  *'  near  the  seaward  limit  of  the  Clyde 
estuary.  Pseudione  affinis^  attached  under  the  carapace  of  PandcUiis 
montaguiy  also  from  near  the  mouth  of  the  Clyde.  Pleurocrypta 
marginata^  attached  under  the  thoracic  shield  of  Galatliea  diapersa,  taken 
at  Station  XIII.  (Upper  Loch  Fyno),  October  10th,  1899.  Aspidophri/onts 
peltatus,  attached  to  the  back  of  Erythrops  aerrata  and  Erythrops  eUganSf* 
from  deep  water  to  the  east  of  Arran,  Firth  of  Clyde,  July  18th,  also 
obtained  at  Station  XIII.  (Upper  Loch  Fyne)  on  29th  December  1899. 

CUMACEA. 

Several  species  of  cumacea  have  been  obtained  in  recent  gatherings 
of  tow-net  and  dredged  material,  most  of  which  have  already  been 
recorded,  but  the  following  may  be  mentioned  : — Campylaspis  ruMcunda 
has  again  occurred  in  bottom-gatherings  from  the  deep  water  of  Upper 
Loch  Fyne.  Cumella  pygrmea  was  obtained  in  dredged  material  from 
Tarbert  Bank,  Lower  Loch  Fyne.  Nanmistacus  U7iguiculatu8  and  species 
of  IXastylis  have  also  been  observed  in  Clyde  tow-net  gatherings.  Cuma 
edwardsii  was  obtained  in  a  bottom  tow-net  gathering  collected  in  Aber- 
deen Bay;  while  Cumopsis  edwardsii  (sp.  Bat«)  (=(7.  goodairi,  Van  Ben.t) 
was  taken  between  tide-marks  on  the  shore  near  Millport,  Cumbrae, 
Firth  of  Clyde,  on  May  6th,  1899,  where  it  had  previously  been  found 
by  Dohm  thirty  years  before.J  Cumopsis  longipes  (Dohrn)  (=C.  Icevis, 
G.  0.  S.)  has  also  been  recorded  from  the  Clyde,  These  two  species  are 
somewhat  like  each  other  in  size  and  general  appearance,  but  in  Gumopsia 
edwardsii  the  cephalo-thoracic  shield  is  adorned  on  both  sides  with  two 
oblique  and  arcuate  lateral  folds ;  while  in  that  of  the  other  species  the 
lateral  folds  are  altogether  wanting.  Moreover,  the  natatory  branches  of 
the  first  pair  of  feet  in  Cumopsis  edwardsii  are  composed  of  ten  joints, 
but  of  only  eight  joints  in  Cuinopsis  loiigipes.^  Cumopsis  edwardsii  did 
not  appear  to  be  very  rare  between  tide-marks  at  Cumbrae.  A  con- 
siderable number  of  adult  and  young  specimens  were  included  in  the 
gathering  I  collected  at  Cumbrae  in  May  last. 

SCHIZOPODA. 

Thysanoetisa  neglecta  (Krtiyer). — I  have  again  to  report  the  occurrence 
of  this  Euphausid  from  the  Firth  of  Clyde.  In  my  Notes  published  in 
the  Seventeenth  Annual  Report,  Thysanoessa  neglecta  is  recorded  for  the 
Clyde  for  apparently  the  first  time.  The  specimens  referred  to  in  that 
Note  had  been  obtained  in  a  bottom  tow-net  gathering  from  Station  X., 
near  the  seaward  limit  of  the  estuary,  collected  on  January  16th,  1899, 
at  a  depth  of  26  fathoms.  The  specimens  referred  to  on  the  present 
occasion  were  obtained  in  two  separate  bottom  tow-net  gatherings  from 
Station  XIL,  between  Arran  and  Turnberry  Head.  These  gatherings 
were  collected,  the  one  on  the  18th  and  the  other  on  the  24th  of  July 
1899.  In  the  first  one  five  specimens  were  obtained,  but  only  two  were 
observed  in  the  other.  This  species,  though  apparently  rare  in  the  Clyde 
district,  is  one  of  the  more  common  schizopods  on  the  East  Coast.  As 
pointed   out  by  Dr.  Norman  in  his  useful  "Synopsis  of   the   British 

*  A  specimen  of  the  curious  AspicUeeia  normani  occurred  also  on  the  back  of  a 
specimen  of  Erythrops  tleganSy  from  the  same  part  of  the  Clyde  estuary.  (See  also  record 
of  A$pida:cia  in  Part  HI.  of  the  Sixteenth  Ann.  Report  of  th^  Fishery  Board  for 
Seottand. 

t  a.  Scott,  51  >'.  B.  Rept.,  1888,  p.  263.  ^       ^ 

:  Cf.  Jefi.  Zeitschr.y  vol.  y..  1869 ;  UrUers.  iib.  Bau  u.  Eniw.  d.  AHhropoden,  1870,  p.  28. 

§  Vide  Prof.  G.  0.  Sars^  description  of  the  two  species  in  his  work  MidddhaveU 
Cumaceer. 
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Schizopoda,"  this  Thysanoessa  is  readily  distinguished  from  its  near  ally 
by  having  a  spine  over  the  base  of  the  telson. 

Myaidopais  gibbosa  and  Mysidopsis  angusta  have  both  been  obtained  in 
tow-net  gatherings  forwarded  from  the  Clyde,  as  also  have  Leptomy^U 
gracilis  and  Praumcs  inerviis,  Neomysis  vulgaris^  a  Mysid  which 
appears  to  be  rare  in  the  Clyde  district,  formed  part  of  the  contents  of 
the  stomach  of  a  fifteen-spined  stickleback  (Gasterosteus  spincw.hia) 
captured  near  the  head  of  Loch  Fyne  on  the  16th  of  April  last  (1899). 
The  same  Mysid  has  been  obtained  in  the  Dhu  Loch,  near  Inveraray. 

SirieUa  armata  (M.  Edw.)  and  SirieUa  clausiiy  G.  0.  Sars,  were 
obtained  in  a  gatheiing  of  Crustacea  from  Loch  Gilp  by  Mr.  F.  G. 
Pearcey,  the  naturalist  on  board  the  "Garland."  The  first — SirieUa 
armata — has  been  occasionally  captured  in  the  Clyde  during  recent  years, 
but  the  second — SirieUa  clausii — has,  so  far  as  I  remember,  only  once 
before  been  recorded  from  the  Clyde  district,  viz.,  in  1886,  when  one  or 
two  specimens  were  taken  in  East  Loch  Tarbert.  The  specimen  now 
recorded  from  Loch  Gilp  is  a  male,  apparently  full-grown.  It  was 
captured  in  three  to  five  fathoms  on  31st  October  1899. 

SirieUa  armata^  besides  having  a  strongly  produced  rostrum,  has 
usually  some  of  the  cephalic  and  caudal  appendages  ornamented  with 
chocolate-coloured  blotches.  The  body,  especially  on  the  ventral  aspect, 
is  also  occasionally  coloured.     SirieUa  clausii  appears  to  be  colourless. 

Erythrops  serrata,  G.  O.  Sars,  and  Erythrops  elegans,  G.  O.  Sars,  have 
both  been  obtained  in  tow-net  gatherings  of  the  "  Garland  *'  forwarded 
from  the  Clyde.  Erythrops  serrata,  which  appears  to  be  of  more  frequent 
occurrence  than  the  other,  has  been  observed  for  the  most  part  in  gather- 
ings from  the  seaward  portion  of  the  estuary ;  while  Erythrops  elegans  is 
taken  occasionally  in  Loch  Fyne,  as  well  as  further  to  seaward.  Both  are 
sometimes  infested  with  parasites. 

Anchialus  agiliSy  G.  0.  Sars, — Two  specimens  of  this  rare  Schizopod 
were  obtained  in  a  tow-net  gathering  collected  at  Station  VI.,  Firth  of 
Clyde  (a  little  to  the  east  and  north  of  Sanda  Island).  They  occurred  in 
a  bottom  tow-net  gathering  from  a  depth  of  20  to  27  fathoms  collected  on 
December  15th,  1898.  Sars  obtained  the  Anchialus  in  the  Bay  of 
Naples  at  a  depth  of  six  to  eight  fathoms,  and  he  also  obtained  one  near 
Messina  at  a  depth  of  20  fathoms. 

Anchialus  is  one  of  the  many  interesting  species  which  Dr.  A.  M. 
Norman  has  added  to  the  British  fauna.  The  single  female  specimen 
recorded  by  him  was  obtained  at  Plymouth  in  1890.  There  does  not 
appear  to  be  any  previous  record  of  Anchialus  from  the  Clyde  estuary. 
Dr.  Norman  has  seen  my  specimens. 

Deoapoda. 

Xantho  hydrophUus  (Herbst). — A  single  specimen  of  this  species — a 
male — was  captured  with  the  shrimp-trawl  of  the  "  Garland  "  at  the 
mouth  of  the  Clyde,  at  a  depth  of  60  fathoms,  on  June  15th,  1899,  and 
forwarded  by  Mr.  Pearcey  to  the  Laboratory,  Bay  of  Nigg,  and  is  now  in 
the  collection  there.  One  of  the  characters  that  seems  to  distinguish  this 
form  from  Xantho  incisus^  Leach,  is  that  the  claws  have  the  movable 
finger  grooved  on  the  upper  aspect ;  the  grooves  extend  nearly  the  whole 
length  of  the  fingers.  AH  the  joints  of  the  feet  in  Xantho  hydrophUus 
are  also  ciliated  on  the  upper  edge,  while  in  Xantho  incisus  the  third  only 
is  ciliated. 

Corystes  cassivelaumts  (Pennant). — A  small  male  specimen  of  this 
species  was  captured  in  the  same  gathering  as  the  last,  and  is  now  in  the 
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collection  at  Bay  of  Nigg.     It  measures  about  20mm.  from  the  extremity 
of  the  rostmm  to  the  base  of  the  dorsal  shield. 

Jaxea  noctuma^  Nardo. 

In  my  paper  on  Clyde  tow-net  and  other  gatherings  published  in 
Part  III.  of  the  Seventeenth  AfinucU  Report  (1899)  I  reported  the 
occurrence  of  an  interesting  lucifer-like  crustacean  in  the  Firth  of  Clyde. 
I  stated  further  that  this  crustacean  had  been  identified  with  a  form,  also 
from  the  Clyde,  which  had  been  described  in  the  Proceedings  of  the  Royal 
Society,  Edinburgh,  vol.  xv.,  p.  420,  figs.  1  and  2  in  the  text  (1889),  by 
the  late  George  Brook  under  the  name  of  Trachelifer.  In  some  additional 
remarks  which  immediately  follow  what  had  been  stated  in  regard  to 
Brook's  description  of  Trachelifer,  it  is  clearly  shown  that  this 
"  Trachelifer "  was  really  the  young  of  Calliaxis  adriatica,  Heller. 
Nothing  further  transpired  concerning  these  Clyde  organisms  till  last 
summer,  when  I  received  from  Mr.  F.  G.  Pearcey,  the  naturalist  on  board 
the  "  Garland,"  a  number  o(  fragments  of  a  small  NephropsAiikQ  crustacean 
which  he  had  found  in  the  stomachs  of  some  gurnards  captured  in  the 
vicinity  of  Ailsa  Craig,  near  the  mouth  of  the  Clyde  estuary.  It  was  at 
once  evident  that  these  fragments  did  not  belong  to  Nephrops  norvegicus, 
though  in  some  respects  they  had  a  more  or  less  close  resemblance  to  that 
crustacean.  The  species,  however,  could  not  be  made  out  for  a  consider- 
able time.  At  first  it  was  thought  that  the  fragments  might  represent 
one  or  other  of  the  described  species  of  Nephrop»i8y  but  with  none  of 
these  would  th.ey  fit  in  satisfactorily.  Failing,  for  various  reasons,  to 
arrive  at  a  satisfactory  solution  of  the  difficulty,  I  applied  to  the  Rev.  T. 
R.  R.  Stebbing,  who  has  not  unfrequently  proved  in  such  matters  to 
be  a  "friend  indeed;"  and  he,  after  some  investigation,  found  that 
the  fragments  which  had  given  us  so  much  trouble  belonged  to  a  species 
which  Nardo  in  1847  had  described  under  the  name  of  Jaxea  noctwna. 
He,  m(»reover,  pointed  out  (as  he  does  also  in  his  Histoi'y  of  Crustacea^ 

SI  87)  that  Jaxea  nociuma  is  identical  with  Calliaxts  adriatica,  Heller, 
escribed  in  1856  ;  and  as  Trachelifer  is  the  young  of  Calliaxis,  so  also, 
as  a  matter  of  course,  is  it  the  young  of  Jaxea,  The  position  of  the 
species  may  therefore  be  stated  thus  : — 

Jaxea  nodurna,  Nardo  (1847). 
--  1856.     CkUliaxis  adriatica,  Heller. 
1889.     Trachelifer,  sp.  (jun.),  Bruok. 

Another  point  of  interest  that  may  now  be  considered  is  the  habitat  of 
Jaxea,  Can  we  claim  it  as  a  member  of  the  Clyde  fauna  ?  In  regard  to 
this  point  I  am  inclined,  after  a  careful  consideration  of  all  the  circum- 
stances, to  consider  that  we  may  fairly  make  this  claim.  We  find  these 
juvenile  forms  occurring  at  more  or  less  frequent  intervals  in  various 
parts  of  the  Clyde  area,*  and  occasionally  in  considerable  numbers,  two  or 
three  different  stages  of  development  being  represented,  and  latterly,  as 
pointed  out,  fragments  of  several  adult  specimens  have  been  found  in  the 
stomachs  of  gurnards  caught  in  the  vicinity  of  Ailsa  Craig.  From  the 
state  cf  preservation  in  which  these  fragments  were  found  it  is  scarcely 
likely  that  the  time  that  had  elapsed  between  the  capture  by  the  gurnards 
of  the  specimens  to  which  the  fragments  belorged  and  the  capture  of  the 
gurnards  themselves  in  the  "Garland's"  trawl-net  could  have  been  very 
great.  AU  this  seems  to  indicate  that  the  adult  Jaxea  are  not  very  far 
ofif  from  the  places  where  these  larvae  and  fragments  were  obtained.      It 

*  Trachelifer  was  obtaiiio<l  in  a  bottom  tow-net  gathering  collected  at  Station  V. 
(Whiting  Bay)— a  station  well  within  the  limits  of  the  Clyde  estuary— on  October  11th, 
1899. 
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might  bo  thought  that  if  Jaxea  were  present  in  the  Clyde,  specimens 
occasionally  ought  to  be  taken  in  the  trawl  or  dredge,  yet  none  have  eyi  r 
been  observed.  This,  however,  does  not  militate  against  the  supposition 
that  this  crustacean  occurs  within  the  Clyde  estuary,  for  its  habitat  may 
be  about  rocky  ground,  where  neither  trawl  nor  dredge  could  be  used,  but 
which  would  offer  no  obstruction  to  gurnards  in  their  search  for  food. 
Moreover,  it  was  shown  in  my  paper  in  Part  III.  of  the  Seventeenth 
Annual  Report  (1899)  that  at  Naples,  though  the  larval  forms  of 
CaUiaxis  (Jaxea)  are  met  with  amongst  the  surface  fauna,  the  adult  has 
only  been  found  once  in  25  years.  But  whatever  be  the  opinion  concern- 
ing the  habitat  of  this  apparently  rare  species — that  is,  "  rare  "  as  regards 
its  adult  form — the  fact  that  fragments  of  adults  were  found  in  the 
stomachs  of  gurnards  caught  in  the  vicinity  of  Ailsa  Craig  is  in  itself  of 
much  interest  to  students  of  the  British  Crustacea.  The  fragments  referred 
to  above  are  now  in  tte  Laboratory  at  Bay  of  Nigg. 

After  the  preceding  notes  had  been  sent  to  the  printer,  Mr.  Pearcey 
kindly  forwarded  the  posterior  portion  of  another  specimen  of  Jaxea^ 
which  he  had  obtained  in  the  stomach  of  a  witch  sole  (Pleuronectes 
cynoglo88U8y  L.)  captured  at  Station  VIII.,  Firth  of  Clyde,  on  the  20th  of 
November  last  (1899).  Station  VIII.  is  about  five  miles  west  by  south 
of  Ailsa  Craig.  (This  specimen  is  in  our  collection  at  Bay  of  Nigg  with 
the  others  previously  referred  to.) 
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EXPLANATION  OF  THE  PLATES. 

PLATE  XIII. 

Corycctus  an^licus,  Lubbock. 


1.  Female,  dorsal  view 

2.  Antennule 

3.  Antenna  . 

4.  Mandible 

5.  Maxilla    . 

6.  Anterior  foot-jaw 

7.  Posterior  foot-jaw 

8.  Foot  of  first  pair  of  swimming-feot 

9.  Foot  of  third  pair 

10.  Foot  of  fourth  pair 

11.  Foot  of  fifth  pair 

12.  Antenna,  male     . 

13.  Posterior  foot- jaw,  male 
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14.  Abdomen  and  caudal  stylets,  male 


MonatrUla  (?)  dana^  ClaparMe. 


Fig.  15.  Female,  dorsal  view        ..... 

Fig.  16.  Antennule,  male  ..... 

Fig.  17.  Foot  of  first  pair  of  swimming-feet,  female 

Fig.  18.  Fifth  thoracic  feet,  female  .... 

Fig.  19.  Last  thoracic  segment,  abdomen  and  caudal  stylets,  male 

Fig.  20.  Fifth  thoracic  feet,  male  .... 


ErUerocola  (t)  fuigejia,  Van  Beneden. 


21. 
22. 
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Fig.  24. 
Fig.  25. 


Female,  dorsal  view 

Antennule 

Antenna  . 

Maxilla    . 

Posterior  foot-jaw 
Fig.  26.  Foot  of  first  pair  of  swimming-feet 
Fig.  27.  Foot  of  second  pair        „        „ 
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GunenotophoniM  (?)  glohulan\  Coata. 

Fig.  28.  Female,  lateral  view 

Fig.  29.  Antcnnule 

Fig.  30.  Antenna  , 

Fig.  31.  Mandible  and  palp 

Fig.  32.  Posterior  f(K)t-jaw 

Fig.  33.  Foot  of  fourth  jmir  of  swimming-feet 

Fig.  34.  Last  segments  of  the  abdomen  and  caudal  stylets 
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PLATE  XIV. 
Canthocampttis  inconspicuus,  sp.  n. 

Fig.  1.  Female,  side  view  .  .  .  • 

Fig.  2.  Antennule  ..... 

Fig.  3.  Mandible 

Fig.  4.  Posterior  foot- jaw 

Fig.  5.  Foot  of  first  pair  of  swimming-feet 

Fig.  6.  Foot  of  fourth  pair        ,,         ,, 

Fig.  7.  Foot  of  fifth  pair 

Fig.  8.  Last  segments  of  the  abdomen  and  caudal  styletfl 

Teiragoiiiceps  (?)  malUolata,  Brady. 

Fig.  9.  Female,  side  view 

Fig.  10.  Antennule 

Fig.  11.  Posterior  foot- jaw 

Fig.  12.  Foot  of  first  pair  of  swimming-feet 

Fig.  13.  Foot  of  third  pair 

Fig.  14.  Foot  of  fourtli.pair 

Fig.  15.  Foot  of  fifth  pair 

Fig.  16.  Last  abdominal  segment  and  caudal  stylets 

Fig.  17.  Foot  of  fifth  pair  and  appendage  of  first  abdominal  segment 

Tetrayonicepa  brencauda,  sp.  n. 

Frg.  18.  Female,  side  view 

Fig.  19.  Antennule 

Fig.  20.  Foot  of  first  pair  of  swimming-feet 

Fig.  21.  Foot  of  fifth  pair 

Fig.  22.  Last  aMominal  segment  and  caudal  stylets 
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CylindropsyUus  minora  T.  Scott. 

Fig.  23.  Female,  back  view 

Fig.  24.  Mandible  and  palp 

Fig.  25.  Anterior  foot-jaw 

Fig.  26.  Posterior  foot-jaw 

Fig.  27.  Foot  of  first  pair  of  swimming-feet 

Fig.  28.  Foot  of  fifth  pair  ,, 

Fig.  29.  Last  alxlominal  segment  and  caudal  stylets 

Fig.  :V).  Foot  of  second  i>air  of  swimminij-feet,  male      . 

Fig.  31.  Foot  of  third  i>air  of  swimming-teet,  male 

Fig.  32.   I^st  alniominal  segment  and  caudal  stylets,  male 

Axterocherts  echinicda,  Norman. 

Fig  3.3.  Female,  dorsal  view        .... 

Fig.  34.  Antenna  .  .  .  •  • 

Fig.  35.  Mandible  and  palp  .... 

Fig.  36.  Maxilla    ...••• 


Qumnotophorxui  (?)  (jlobvdaris,  Costa. 


Fig.  37.  Anterior  foot-jaw 

Fig.  38.  Foot  of  first  pair  of  swimming-feet 
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NINETEENTH  ANNUAL  KEPORT 


TO  THE  RIGHT  HONOU;EtABLE 

LORD  BALFOUR  of   BURLEIGH, 

11x8  Majesty's  Secretcvry  for  Scotland, 


Offioe  of  The  Fishery  Board 

FOR  Scotland, 

Edinburgh,  1st  May  1901. 
My  Loud, 

In  continuatiou  of  our  Nineteenth  Annual  Beport,  we 
have  the  honour  to  submit — 

PART  III.— SCIENTIFIC  INVESTIGATIONS. 


GENERAL  STATEMENT. 

This  part  of  the  Nineteenth  Annual  Keport  contains  an  account 
of  the  principal  scientific  investigations  conducted  by  the  Board 
during  1900,  in  connection  with  the  sea  fisheries  of  Scotland,  so 
far  as  they  have  been  completed.  The  scientific  researches  have 
been  carried  on  at  the  Marine  Laboratory  which  was  recently 
erected  at  the  I^y  of  Nigg,  Aberdeen,  and  also  by  means  of  the 
Garland,  the  small  steam  yacht  which  the  Board  possesses  for  this 
work,  as  well  as  on  steam  trawlers  fishing  from  the  port  of 
Aberdeen. 

It  has  been  explained  in  several  previous  Keports  that  the 
investigations  and  trawling  experiments  are  much  hampered  and 
restricted  owing  to  the  small  size  and  inefficiency  of  the  Oarlayid^ 
and  this  disability  to  perform  the  duties  for  which  she  was  intended 
increases  each  year.  The  vessel  is  only  84^  feet  in  length  between 
perpendiculars,  is  of  36'4  tons  register,  and  is  more  than  twenty 
years  old.  In  consequence  of  her  unseaworthiness  and  the  necessity 
for  frequent  repairs  she  is  compelled  to  lie  in  harbour  idle  during 
the  greater  part  of  the  year.     Last  year,  out  of  about  303  ordinary 
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working  days,  she  was  engaged  in  scientific  work  on  112  days,  and 
lay  in  port  for  1 66  days,  the  other  25  days  being  spent  in  steaming 
from  one  place  to  another.  She  was  laid  up  for  repairs  to  the 
boiler,  engines,  or  other  parts  on  seven  occasions,  which  occupied 
72  working  days,  the  detention  in  connection  with  the  annual 
overhaul  extending  from  12th  July  to  6th  September,  and  the  cost 
being  close  upon  £300.  Bad  weather  and  other  causes  kept  the 
vessel  in  port  for  other  94  working  days,  chiefly  during  winter  and 
spring. 

Under  these  circumstances  it  is  not  surprising  that  the  investi- 
gations at  sea  were  much  interrupted  and  curtailed,  and  that  it  was 
found  impossible  with  this  vessel  to  follow  up  the  life-histoiy  and 
movements  of  the  principal  food-fishes  from  the  inshore  to  the 
offshore  waters,  or  to  conduct  observations  on  the  great  fishing 
grounds  whence  the  greater  part  of  the  fish  supply  is  obtained. 
The  trawling  experiments  carried  on  in  the  areas  from  which 
trawlers  are  excluded  are  also  prejudicially  affected;  and  the  Board 
desire  again  to  express  the  hope  that  they  may  be  provided  with  a 
properly-equipped  steamer  adequate  for  the  work,  as  recommended 
by  the  Select  Committees  of  the  House  of  Commons  in  1893  and 
1900. 

In  this  connection  it  may  be  stated  that  several  other  European 
countries  have  i-ecently  acquired,  or  are  acquiring,  sea-going 
steamers  for  scientific  fishery  researches.  The  Norwegian  Govern- 
ment had  one  built  last  year,  which  has  ali-eady  made  investigations 
of  value  in  the  sea  between  Norway  and  Iceland  and  along  the 
Norwegian  coast;  the  I)anisl\  Government  has  proposed  to  the  Diet 
the  expenditure  of  £10,000  for  "building  a  steamer  for  similar 
researches,  and  tlie  German  Government  is  understood  to  be 
spending  from  £15,000  to  £20,000  on  another  steamer  of  the  same 
kind. 

The  Technical  Education  Committee  of  the  County  Council  of 
Aberdeen  have  offered  to  the  Board  tlie  sum  of  £200,  which  has 
been  accepted,  for  providing  tanks  at  the  Marine  Laboratory,  on 
condition  that  facilities  are  granted  there  for  the  instruction  of 
fishermen  from  the  county. 

The  Influence  of  Trawling. 

The  results  of  the  trawling  experiments  carried  on  in  the  Moray 
Firth  during  last  year,  together  with  the  various  Tables  embodying 
the  observations  in  detail,  arc  given  in  a  separate  Keport  Cp.  17). 
Most  of  the  stations  which  are  situated  inshore  were  examined  on 
six  occasions,  and  the  outer  stations  were  for  the  most  part 
examined  on  three  occasions.  The  number  of  hauls  made  with  the 
ordinary  net  was  71,  the  time  actually  occupied  in  the  trawling 
operations  being  126  hours.  Besides  these  hauls,  18  were  made 
with  the  ordinary  shrimp-net  at  some  of  the  stations,  and  others  in 
shallow  water  near  shore. 

The  total  number  of  fishes  of  all  kinds  caught  in  the  71  hauls  at 
the  various  stations  during  the  year  was  8881,  or  an  average  of 
1251  per  haul.  The  flat-fishes  numbered  6612,  and  comprised  the 
following  species  in  the  numbers  stated : 
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Plaice 

.     1,152 

Long  Bough  Dabs 

Lemon  Soles 

409 

Flounders    . 

Witches 

109 

Turbot 

Common  Dabs 

.     3,638 

Brill   . 

Sail  Flukes 

7 

1.262 

26 

3 

6 


The  number  of  round-fishes  caught  was  considerably  less — ^viz., 
2044,  belonging  to  the  following  species : — 


18 

3 

14 

868 


Cod     . 

.       147 

Hake  . 

Haddock     . 

.       784 

Pollack 

Whiting 

198 

Catfish 

Ling    . 

4 

Gurnard 

Saithe 

8 

There  were  also  84  skates  and  rays,  the  remainder  consisting  of 
the  bib,  39;  the  angler,  38;  the  dragonet,  39,  and  a  few  other 
medible  forms. 

The  quantity  of  fishes  procured  by  the  Garland  is  therefore  small, 
and  furnishes  an  inadequate  basis  for  any  conclusions  as  to  the 
effect  of  the  closure  of  so  wide  an  area  as  the  Moray  Firth.  The 
incompetence  of  the  vessel  for  the  work  it  was  intended  to  perform, 
from  other  reasons  than  its  unseaworthiness,  has  been  frequently 
pointed  out  in  previous  Eeports,  and  is  shown  in  a  striking  manner 
when  the  catches  of  its  small  trawl  are  contrasted  with  those  of  a 
large  otter-trawl  used  by  ordinary  steam-trawlei-s,  which,  with  the 
authority  of  the  Board,  fished  occasionally  for  scientific  purposes  in 
the  Moray  Firth  last  year  (see  p.  58).  In  a  single  haul  made  by 
the  steam  trawlers,  occupying  four  hours,  more  plaice,  or  haddocks, 
or  cod  were  frequently  caught  than  the  Oarland  caught  during  the 
year.  The  total  number  of  plaice  taken  by  the  Garland  in  the  71 
hauls  referred  to  was  1152;  while  in  seven  successive  hauls  of  a 
trawler,  each  haul  occupying  four  hours,  the  number  of  plaice  taken 
was  never  less  than  1390,  and  in  one  case  was  2415.  The  result 
of  two  days'  work  of  the  trawlers,  in  October  and  November 
respectively,  may  be  given  for  comparison  with  the  GarUm£s  work 
for  the  year : — 


Cod. 

Haddook. 

Whiting. 

PlAice. 

Lemon 
Dab. 

Oommon 
Dab. 

Othen. 

Total. 

Star  cif  Hope. 
Oct  10, 11. 

159 

1,(»7 

185 

2,107 

1,025 

2,943 

861 

9,067 

St.  Andrew. 
Nov.  5,  6. 

181 

560 

109  X 

12,011 

60 

11,064 

345 

26,290 

The  average  number  of  fishes  taken  in  each  haul  of  the  Oarlaivd^s 
net  was  1251,  flat-fishes  giving  an  average  of  93*1,  and  round- 
fishes  an  average  of  28'8.  Tlie  average  number  of  flat-fishes  caught 
per  haul  of  the  net  at  each  of  the  stations  was  as  follows : — 
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Station. 

Plaic«. 

Lemon 
Soles. 

Wit<^h 
Soles. 

Common 
Dabs. 

L.  Rough 
Dafae. 

Flounder. 

Turbot. 

BrilL 

Tocia. 

L 

19-8 

0-2 

1 

8*2 

- 

- 

- 

0-2 

28-i 

II. 

4-3 

0-8 

2-2 

17*6 

0-:! 

_ 

_ 

- 

84-2 

III. 

16*e 

86 

- 

1-6 

- 

0-2 

- 

- 

21-8 

IV. 

61 JJ 

- 

- 

13-6 

0*2 

1*2 

- 

0*3 

76-« 

V. 

3(5-5 

0-8 

- 

4S-6 

1*0 

1*3 

- 

- 

87-8 

VI. 

ibt 

1-8 

0-3 

34-8 

2-3 

1-8 

0*2 

- 

86-S 

VII. 

10 

6-2 

5-2 

124-0 

40-2 

- 

- 

- 

176-6 

VIII. 

14 

.5-8  . 

8*6 

87-4 

59*2 

_ 

„ 

ie2'4 

IX. 

.  11» 

4*4 

1*8 

88*4 

69-6 

0-2 

166-0 

X. 

.  3-0 

4*8 

2*6 

64*6 

18*8 

- 

- 

■- 

84*2 

XI. 

2-3 

11*3 

- 

79*0 

1-0 

- 

- 

- 

98-6 

XII. 

4-0 

14*6 

- 

100-3 

1-3 

- 

0*3 

0-6 

121*8 

XIII. 

2-6 

12-6 

- 

43*8 

2*3 

- 

- 

- 

61*0 

XIV. 

0-5 

40*6 

- 

32*5 

23-5 

- 

• 

- 

97*6 

XV. 

3-0 

9*5 

- 

117*5 

19*0 

- 

0*5 

- 

150-0 

XVI. 

1 

1-6 

23*5 

1*5 

79*5 

74-0 

' 

- 

180-0 

Total. 

16-0 

6*7 

1*6 

50*6 

17-6 

1         0*3 

- 

- 

981 

When  these  averages  are  compareii  with  those  of  1898,  the  last 
year  in  which  the  Moray  Firth  stations  were  examined,  they  appear 
to  indicate  for  the  Firth  generally  a  slight  falling-off  in  the 
abundance  of  plaice  and  a  very  considerable  duninution  in  the 
numbers  of  common  dabs,  while  lemon  soles  and  long  rough  dabs 
arc  indicated  in  much  the  same  proportion  as  before.  Among 
round-fishes  the  decrease  indicated  was  chiefly  in  gurnards,  but 
also  in  haddocks.  Skates  were  represented  by  the  same  average  in 
the  two  yeara  When  the  six  stations  within  the  three-mile  limit 
are  compared  in  the  two  years  a  falling-off  is  also  indicated,  except 
in  the  months  of  May  and  June. 

As  already  stated,  however,  these  observations  of  the  Garland 
are  insufticient  to  furnish  any  indication  of  the  effect  of  the  closure; 
and,  so  long  as  foreign  trawlei*s  continue  their  operations  on  any 
large  scale  within  the  Moray  Firth,  it  is  evident  that  the  experi- 
ments to  test  the  closure  will  be  of  little  value,  unless  within  the 
three-mile  limit. 

The  statistics  collected  from  the  various  districts  along  the  shores 
of  the  Moray  Firth,  to  show  the  quantities  of  the  different  kinds 
of  fish  caught  within  the  closed  waters  by  line-fishermen,  also 
indicate  a  decline  during  last  year.  The  quantities  and  average 
per  shot  in  each  district  for  the  past  six  years  are  as  follows: — 
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District 

1895. 

1896. 

1897. 

1896. 

1899. 

1900. 

Cwte. 

Aver- 
age. 

^- :  ''^': 

Cwt8. 

Aver- 
age. 

Owte. 

Aver- 
age. 

Cwts. 

Aver- 
age. 

Cwte, 

Aver- 
age. 

Wick   . 
Lybeter 
Helmsdale  . 
Oromarty    . 
Flndhom 
Buckie 
Banff  . 

23,009 
3,977 
16,669 
19,193 
68,761 
60,489 
76,491 

4*08 
3*77 
4*15 
2*93 
4*86 
4*66 
477 

31,556 
4,241 
18,360 
15,817 
63,521 
67,460 
66,471 

5*40 
2-87 
4*71 
2*61 
4*46 
6*05 
3*82 

44,258 
7,118 
17,148 
14,786 
46,694 
50,067 
61,329 

616 
4*22 
4*98 
2*48 
2*66 
4-77 
370 

31,883 
4,438 
13,143 
12,428 
30,770 
41,102 
36,057 

6-49 
3*26 
3*84 
2066 
2-068 
4-24 
2*13 

26,116 
4,309 
12,762 
11,183 
31,825 
34,915 
26,675 

5*106 

1*396 

3*85 

1-816 

1-957 

8-357 

2-406 

23,927 
3,468 
10,330 
11,070 
21,724 
22,865 
18,471 

4*535 
1*606 
8*606 
1-880 
2*31 

8-200 

• 

1-884 

258,589 

4*43 

256,916 

4*26 

241,350 

3*83 

169,321 

3*244 

147,775 

2-666 

111,845 

2«)0 

With  the  exception  of  the  Wick  district,  almost  all  the  line- 
caught  fish  landed  on  the  shores  of  the  Moray  Firth  are  taken 
from  the  closed  waters.  The  gross  quantity  last  year — namely 
111,845  cwts. — is  the  lowest  since  these  statistics  began  to  b 
collected ;  and  the  average  per  shot  is  also  shghtly  lower — viz., 
2*60  cwts. — as  compared  with  2*66  in  the  year  before. 

The  quantity  landed  in  1900  was  35,930  cwts.  less  than  in  the 
previous  year;  57,476  cwts.  less  than  in  1898;  129,505  cwts.  less 
than  in  1897 ;  and  146,744  cwts.  less  than  in  1895.  During  the 
six  years,  therefore,  a  progressive  decline  h«t8  occurred  in  the 
quantity  of  fish  taken  by  line-fishermen  from  the  closed  waters,  the 
gross  catch  last  year  having  been  considerably  under  half  of  what 
it  was  in  1895.  The  decline  in  line-fishing  was  not  confined  to  the 
Moray  Firth,  but  was  shown  also  on  other  parts  of  the  coast,  the 
total  quantity  of  line-caught  fish  landed  being  almost  182,000 
cwts.  less  than  in  1899. 

With  respect  to  the  various  kinds  of  fish  caught  by  line  in  the 
Moray  Firth,  the  quantities  and  averages  per  "  shot "  for  each  of 
the  past  six  years  are  given  in  the  following  Table : — 
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FISH. 

• 

1805. 

1806. 

1807. 

1898. 

1890. 

1000. 

Cwte. 

Aver- 
age. 

Gwts. 

Aver- 
age. 

Cwta. 

Aver- 

Cwte. 

Aver- 
age. 

Cwta. 

Aver- 
age. 

Cwts. 

Aver- 
age. 

Cod       •       . 

47,646 

0-81 

64,668 

1-07 

70,781  1  1-26 

1 

66,208  i  1-07 

1 

52,753 

0-06 

88,672 

O-TTO 

Ling      - 

9,987 

0-006 

8,868 

0-062 

8,544 

0-056 

2,667  i  0-049 

1 

2,888 

0^2 

2,809 

OUbi 

Tonk    • 

84 

— 

94 

— 

25 

— 

43 

— 

82 

— 

18 

— 

Saithe  •       • 

5,088 

0-087 

10,686 

017 

11,761 

0-18 

14,881 

0-28 

0.883 

0-100 

0,136 

0-212 

Haddock 

178,870 

8056 

156,708 

2-6 

126,081 

2-004 

81,098    1-664 

68,076 

1-220 

54.887 

1-278 

Whiting 

5,114 

0-087 

4,836 

0-08 

8,810 

0-052 

1,536 

0-029 

1,828 

0*023 

1,786 

0-04 

Turbot  - 

— 

— 

16 

— 

16 

18 

— 

eo 

— 

4 

— 

Halibnt 

408 

0-007 

601 

0011 

707' 

0-011 

780 

0018 

762 

0-018 

253 

0-006 

Lemon  Sole  - 

— 

— 

10 

— 

14 

— 

1 

— 

6 

— 

4 

— 

"  Flounder, 
Plaice,  and 
BriU"- 

5,765 

0-00 

8,40-i 

0-056 

3,078 

0-063 

3,425 

0-066 

5,005 

0-00 

4,24S! 

0-008 

Gonger  • 

777 

0-018 

828 

0-018 

1,583 

0-024 

826 

0-015 

741 

0013 

833 

0-007 

Skate     • 

8,014 

0-051 

8,688 

0-061 

8,999 

0-063 

3,278 

0-062 

8,584 

0-064 

2,600 

0-058 

Other  kinds  of 
WliiteFish- 

9,4!S 

0-16 

7,483 

0-12 

6,668 

0-106 

4,674 

0087 

3,116 

0056 

2,760 

0-064 

The  quantity  of  all  line-caught  fish  landed  last  year  from  tha 
closed  waters  showed  a  decrease,  except  whitings.  The  decrease 
was  greatest  in  cod  and  haddocks,  which  form  the  bulk  of  the 
catches.  The  decrease  in  flat-fishes  was  not  so  marked.  The 
group  which  is  classified  in  the  returns  as  "  flounders,  plaice,  and 
brill,"  but  which  probably  also  contains  dabs  and  other  kinds  of 
flat-fishes,  diminished  from  5005  cwts.  to  4242  cwts.  Halibut 
declined  from  762  to  253  cwts.,  and  lemon  soles  from  6  cwts.  to 
4  cwts. 

The  number  of  shots  of  the  fishing  boats  was  also  much  under 
the  last  or  any  previous  year.  There  were  7070  fewer  shots  of  the 
large  boats,  and  9236  fewer  shots  of  the  small  boats — the  total 
decrease  being  16,306  shots.  The  figures  for  the  past  seven  years 
are  as  follows : — 


1894    ;    1895 

1 

1896 

1897 

1898 

1899 

1900. 

Large  Boats 
Small  Boats 

7,082 
54,866 

7,710 
50,643 

11,915 
48,346 

14,039 

48,836 

10,330 
41,853 

12,666 

42,808 

5,595 
33,572 

61,948 

58,353 

60,261 

62,875 

62,183 

55,473 

39,167 

In  all  districts  there  was  a  decrease  in  the  number  of  shots  of 
the  large  boats  and  also  of  the  small  boats,  except  in  the  case  of 
Wick.  The  most  marked  falling-oflf  was  in  the  districts  of 
Findhom,  Buckie,  and  Banff. 
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Investigations  Made  on  Board  Steam-Trawlers. 

The  Board  having  granted  authority  for  the  occasional  employ- 
ment of  steam-trawlers  within  the  Moray  Firth  or  other  parts  of 
the  territorial  waters  of  Scotland  for  scientific  purposes,  a  number 
of  trips  were  made  in  the  autumn  and  winter  on  board  the  Star  of 
Hope  and  the  St  Andrew,  The  investigations  were  made  in  the 
Moray  Firth  and  Aberdeen  Bay  in  October,  November,  and 
December,  and  two  trips  were  made  to  the  deep-water  grounds  in 
September  and  October.  Some  of  the  results  are  given  by  Dr.  T. 
Wemyss  Fulton  in  the  present  Report  (pp.  58,  282),  and  Tables 
are  appended  showing  the  numbers  of  the  various  kinds  of  fish 
which  were  taken. 

.  With  regard  to  the  question  as  to  whether  the  abundance  of  the 
food-fishes  has  increased  or  diminished  in  recent  years  on  the 
grounds  visited,  there  are,  unfortunately,  no  records  existing  with 
which  the  present  ones  can  be  compared.  The  hauls  of  the  Garland 
in  the  Moray  Firth  and  Aberdeen  Bay  were  made  with  a  small 
beam-trawl  (25  feet),  and  are  of  little  or  no  use  for  comparison. 
It  may,  however,  be  of  much  importance  at  some  future  time  to 
have  records  for  comparison  such  as  those  now  published. 

In  recording  the  fishes  caught,  those  which  were  taken  to 
market  were  distinguished  from  those  which  weve  thrown  over- 
board, whether  on  account  of  their  small  size  or  inedibility.  The 
information  thus  bears  directly  on  the  question  of  the  alleged 
wasteful  destruction  of  undersized  fishes  by  the  trawl-net.  The 
proportion  rejected  because  of  their  small  size  varied  with  different 
species  and  on  different  grounds,  but  it  was,  as  a  rule,  small.  On 
the  inshore  grounds  about  eleven  per  cent,  of  the  codlings,  a  little 
over  two  per  cent,  of  the  haddocks,  thirty  per  cent,  of  the  whitings, 
and  fourteen  per  cent  of  the  plaice  were  thrown  back  into  the  sea 
On  the  deep-water  grounds  the  proportion  rejected  was  very  much 
less — viz.,  one  and  a  half  per  cent,  for  codlings,  one  per  cent, 
for  haddocks  and  whitings,  while  all  the  plaice  were  marketable. 
The  only  edible  fish  thrown  away  in  numbers  because  of  its  small 
size  was  the  common  dab,  of  which  only  8484  were  taken  to  market 
of  a  total  of  33,259  caught. 

With  regard  to  the  i^uence  of  the  size  of  mesh  in  determining 
the  size  of  the  fishes  caught  in  the  otter- trawl,  experiments  were 
made  by  enclosing  the  cod-end  of  the  latter  in  a  bag  of  fine  netting, 
which  retained  the  small  fishes  that  escaped  through  the  meshes  of 
the  trawl,  and  special  cod-ends  with  meshes  of  different  size  were 
also  employed.  It  was  found  that  very  large  numbers  of  quite 
small  fishes  escape  uninjured  through  the  apertures  in  the  ordinary 
commercial  trawl  with  1^  inch  merfi,  and  that  the  number  caught 
is  comparatively  a  small  proportion  of  those  which  enter  the  net.  Of 
38,243  taken  in  experiments  with  the  ordinary  otter-trawl,  5906 
were  caught  in  the  latter,  while  32,387  escaped  from  it.  Many  of 
these  were  whitings,  but  there  were  also  large  numbers  of  herrings 
(3230)  from  2  inches  to  8  inches  long,  as  well  as  dabs,  haddocks, 
and  young  cod.  With  a  cod-end  having  2-inch  meshes  the  pro- 
portion that  escaped  was  much  greater — viz.,  29,346  of  31,620 


14  Part  III, — Nineteenth  Annual  Export 

which  entered  the  net ;  57  per  cent,  of  the  haddocks  passed  through 
the  meshes,  some  of  them  being  over  12  inches  in  length — 89  per 
cent,  of  the  dabs,  and  1 1  per  cent,  of  the  plaice.  With  a  cod-end 
having  2^-inch  meshes  only  282  of  a  total  of  9355  fishes  which 
entered  the  net  were  caught,  and  some  of  the  haddocks  which 
escaped  were  18  inches  long  and  weighed  nearly  21b8.  With 
r^ard  to  plaice,  the  percentage  which  escaped  was  0'4  with  the 
ordinary  mesh  in  use,  11  per  cent,  with  the  2-inch  mesh,  and  22 
per  cent,  with  the  2^-inch  mesh,  some  of  the  latter  measuring 
nearly  10  inches  long. 

The  conclusion  from  the  experiments  on  this  point  is  that  it 
would  be  impracticable  to  use  an  enlarged  mesh  for  promiscuous 
or  mixed  fishing,  as  ordinarily  carried  on,  since  large  numbers  of 
eminently  marketable  fishes  such  as  haddock  would  escape.  With 
regard  to  plaice,  and  most  flat-fishes,  however,  the  employment  of 
an  enlarged  mesh  would  prevent  the  capture  of  many  undersized 
individuals,  and  there  is  little  doubt  that  if  the  prevention  of  the 
capture  of  immature  plaice  were  the  only  consideratiou,  trawlers 
would  find  it  profitable  to  employ  such  nets  if  they  were  permitted 
to  fish  where  plaice  are  most  abundant. 

The  investigations  with  the  fine  net  in  the  deep  water  to  the 
east  of  the  Shetland  Islands  have  considerably  increased  our 
knowledge  as  to  the  distribution  of  certain  fishes.  They  have  shown 
that  a  small  member  of  the  cod  tribe,  the  Norway  Pout  (Oadtts 
esmarkii),  hitherto  regarded  as  rare,  and  not  previously  recorded 
from  these  r^ions,  is  in  reality  one  of  the  most  abundant,  as  many 
as  over  5000  being  captured  in  one  haul  of  an  hour  and  a  half. 
Specimens  of  anotlfier  still  smaller  and  rarer  species  of  the  cod,  the 
Silvery  Pout  {Oadus  argenteus),  were  also  taken.  Other  species 
captured  were  the  Hebridal  Smelt  or  Argentine  (Argentina 
»phyrcena)t  the  Sharp-Tailed  Lumpenus  (Lumpenus  Imnpetrasformis), 
the  Poutassou  (Gadus  poutassou),  and  the  Great  Argentine  or 
Siil-Smelt  (A,  sUus),  which  has  not  hitherto  been  recorded  from  the 
British  seas. 

The  Hatchikg  and  Ekaring  of  Food-Fishks. 

In  the  previous  Annual  Keport  it  was  stated  that  the  Marine 
Hatchery  had  been  removed  from  Dunbar  to  the  Bay  of  Nigg, 
Aberdeen,  where  the  first  season's  operations  were  carried  on  last 
year.  The  supply  of  live  adult  plaice  to  serve  as  spawners  was 
secured  at  the  end  of  the  previous  year  and  in  January,  a  steam- 
trawler  being  employed  for  the  purpose.  At  the  beginning  of 
February  1419  plaice  had  been  coUected  in  the  large  tidal  pond, 
and  of  these  951  survived  to  form  the  breeding  stock.  The  first 
fertilised  eggs  Wvjre  obtained  from  the  pond  on  10th  March,  and 
from  that  date  until  5th  May,  43,290,000  eggs  were  collected,  the 
number  of  fry  successfidly  hatched  from  them  being  31,305,000,  or 
72*3  per  cent.  Owing  to  a  defect  in  the  inflow  pipe,  by  which 
fresh  water  from  the  soil  obtained  admission,  the  specific  gravity  of 
the  sea-water  was  considerably  lowered,  and  this  caused  the  death- 
rate  among  the  eggs  in  the  incubators  to  be  higher  than  usual.  At 
the  close  of  the  season  the  defect  was  remedied.    The  fry  wer^ 
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almost  all  liberated  in  the  upper  waters  of  Loch  Fyne,  and  the 
details  in  regard  to  the  work  will  be  found  in  a  report  by  Mr.  H. 
Dannevig  on  page  229.  Some  of  the  plaice  fry  were  reared  in  the 
hatchery  through  the  larval  and  post-larval  stages,  and  in  January 
last  they  measured  3^  inches  in  length.  The  numl)er  of  the  fry  of 
food-fishes  which  have  been  turned  out  from  the  hatchery  at  Dunbar 
and  the  Bay  of  Nigg  now  amounts  to  167,795,000,  of  which 
150,900,000  were  plaice,  5,720,000  lemon  soles,  4,010,000  cod, 
5,160,000  turbot,  and  2,000,000  other  species. 

The  Larval  Stages  of  Decapod  Crustacea — ^Thb  Shrimp. 

In  the  present  lieport  will  be  found  a  paper  by  Mr.  H.  Ch. 
Williamson  describing  the  results  of  his  researches  on  the  larval 
stages  of  the  common  shrimp  (Craiigon  vulgaris),  a  crustacean 
which  forms  the  object  of  an  important  fishery  along  the  English 
coast  and  in  the  Solway  Firth.  Part  of  the  material  for  the 
investigation  was  obtained  from  tow-net  collections  and  part  from 
eggs  which  were  hatched  at  the  Marine  Laboratory,  a  complete 
series  of  the  young  in  their  various  stages  or  moulte  being  thus 
secured  for  study.  A  description  is  given  of  the  distinguishing 
characters  of  each  of  the  stages  until  the  parent  form  is  reached, 
and  the  development  of  the  various  appendages  is  traced  in  minute 
detail,  and  illustrated  by  a  series  of  199  figures. 

The  Parasites  of  Fishes. 

Mr.  Thomas  Scott  contributes  a  paper  to  the  present  Beport  em- 
bodying the  results  of  his  further  researches  on  the  parasites  of 
fishes,  which  have  been  extended  to  include  not  only  the  Crustacea 
but  also  the  hirudines  or  leeches,  and  the  trematodes,  and  likewise 
certain  of  the  entozoa.  Scarcely  any  part  of  a  fish  is  free  from 
parasites ;  they  may  be  found  running  over  the  skin  or  adhering  to 
the  lips,  tongue,  the  fins,  gills  and  gill-covers,  embedded  in  the  nasal 
fossae,  or  even  attached  to  the  eye.  In  the  course  of  the  investiga- 
tion a  very  large  number  of  fishes  belonging  to  many  species  were 
examined,  and  obtained  from  the  Garland  or  steam-trawlers. 

The  number  of  species  of  parasites  now  described  by  the  author 
is  53,  of  which  28  are  copepods,  9  leeches,  and  16  trematodes,  two 
of  the  last-named  being  new  to  science.  The  descriptions  are 
illustrated  by  a  series  of  figures. 

The  Rate  of  Growth  of  Fishes. 

In  this  Report  is  contained  a  paper  by  Dr.  Fulton  dealing  with 
the  rate  of  growth  of  the  cod,  the  haddock,  the  whiting,  and  the 
Norway  pout,  the  results  being  founded  upon  the  measurements  of 
over  34,000  fishes,  viz.,  2493  cod,  9345  haddocks,  3937  Norway 
pouts,  and  18,466  whitings.  By  the  method  adopted  the  various 
generations  are  distinguished  from  one  another  and  their  mean-size 
calculated.  It  is  shown  that  the  average  growth  of  the  adolescent 
whiting  is  about  4^  inches  in  a  year,  and  that  while  a  few  spawn 
when  one  year  old,  the  great  majority  spawn  first  in  their  second 
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year,  and  a  few  probably  not  until  three  years  of  age.  The  cod 
grows  quicker  than  the  whiting,  increasing  by  over  six  inches  a 
year,  and  spawning  for  the  first  time  when  three,  but  mostly  when 
four  years  old.  The  haddock  increases  annually  by  nearly  five 
inches,  and  spawns  when  two  and  three  years  old ;  and  the  Norway 
pout  grows  about  2\  inches  in  the  course  of  a  year,  and  spawns 
when  one  and  two  years  of  age.  The  paper  is  illustrated  by  nine 
plates. 

The  Invkrtebratb  Fauna. 

Mr.  Thomas  Scott  furnishes  in  the  present  Report  an  elaborate 
paper,  illustrated  by  two  plates,  descriptive  of  a  large  number  of 
Crustacea,  collected  for  the  most  part  by  the  Oarlaiid  and  by  the 
steam-trawlers  which  were  used  for  scientific  work.  Many  rare 
and  interesting  forms  were  procured  from  the  deep-water  south- 
east of  the  Shetlands  and  Fair  Isle,  in  some  cases  from  the  stomachs 
of  haddocks  that  were  feeding  upon  them.  Four  of  the  species 
are  new  to  science. 

Seine-Net  Fishing  for  Herrings. 

During  the  herring  season  at  Ballantrae  Banks  in  the  spring  of 
the  present  year  furtner  observations  were  made  with  r^ard  to 
the  action  of  the  herring  seine.  A  number  of  boats  were  boarded, 
and  on  their  nets  being  hauled  examined,  as  well  as  the  catches 
brought  on  board.  Of  54  nets  examined,  13  were  found  to  have 
brought  up  small  quantities  of  herring  spawn  attached  to  stones 
and  Laminaria ;  the  others  showed  no  trace  of  spawn.  Some  of  the 
spawn  was  brought  to  the  Marine  Laboratory,  Bay  of  Nigg,  and  kept 
until  the  young  herrings  hatched  out,  showing  that  these  samples 
had  not  suffered  injury.  The  whole  question  is  still  under 
consideration  and  enquiry. 

We  have  the  honour  to  be. 

Your  Lordship's  obedient  Servants, 

ANGUS  SUTHERLAND,  Chaimuin. 

D.  CRAWFOED,  Deputy-Chairman. 

D'AROY  W.  THOMPSON. 

J.  RITCHIE  WELCH. 

W.  R.  DUGUID. 

L.  MILLOY 

D.  MEARNS. 

WM.  C.  ROBERTSON,  Secretary. 


SCIENTIFIC    REPORTS. 


I.  REPORT  ON  THE  TRAWLING  EXPERIMENTS  OF  THE 
"GARLAND,"  AND  ON  THE  FISHERY  STATISTICS 
RELATING  THERETO. 


INTRODUCTORY 

During  last  year  the  trawling  investigations  of  the  "  Grarland  "  were 
conducted  in  the  Moray  Firth,  and  a  series  of  special  ^bauls  were  also 
made  in  Aberdeen  Bay  and  the  adjoining  waters.  Most  of  the  Moray 
Firth  stations  which  are  situated  inshore  were  trawled  over  on  six 
occasions,  one  of  them  on  ^ve  occasions.  The  outer  stations  were  for 
the  most  part  examined  three  times  in  the  course  of  the  year  ;  two  of 
them,  however  (XIV.  and  XV.),  were  examined  only  twice — in  May 
and  in  June.  The  number  of  hauls  of  the  oixlinary  beam-trawl  net  at  the 
stations  in  the  Moray  Firth  throughout  the  year  was  71,  the  time 
occupied  in  the  actuaJ  trawling  operations  being  126  houi-s.  Besides 
these  ordinary  hauls,  eighteen  were  made  with  the  small  shrimp- net  at 
the  trawling  stations,  and  others  in  the  shallow  water  near  the  shore. 
The  work  of  the  "  Garland  "  was  often  interrupted  by  bad  weather, 
especially  during  the  winter  and  autumn  months,  when  it  lay  for  con- 
siderable peiiods  in  harbour,  and  also  by  occasion  of  frequent  repairs, 
the  vessel  being  detained  at  Leith  in  connection  with  the  annual  over- 
haul from  early  in  July  to  the  middle  of  September. 

The  work  at  each  station  consists  in — (I)  trawling  along  a  selected 
line"  for  a  specified  distance,  determined  usdally  by  cross-bearings,  all 
the  fish  caught  being  enumerated,  measured,  and  recorded ;  (2)  observa- 
tions on  the  temperature,  density,  and  transparency  of  the  water, 
on  the  condition  of  the  weather,  (fee. :  (3)  collections  of  the  pelagic 
orgiinisms  floiiting  in  the  water.  The  Tables  relating  to  the  chief  of 
these  investigations  will  be  found  appended  to  this  Report. 

The  fishery  statistics  which  have  bBen  collected  in  the  districts  of  the 
Moray  Firth  in  connection  with  the  trawling  experiments  there,  and 
which  show  the  quantities  of  the  various  kinds  of  fish  caught  by  line 
fishermen  within  the  closed  waters  in  each  month  of  the  year,  and  for 
the  whole  year,  with  the  respective  averages  per  "shot"  of  the  lines, 
are  appended  to  this  Report,  and  are  discussed  below.  These  statistics 
were  collected  by  the  Fishery  Officers  of  the  various  districts,  or  by 
their  correspondents.  The  trawling  records  were  made  by  Mr.  F.  G . 
Pearcey,  the  naturalist  on  board  the  "  Garland." 
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The  Moray  Firth. 

The  trawling  stations  in  the  Moray  Firth  are  situated  as  follows,  the 
first  six  being  within  the  three-mile  limit  and  the  remaining  ten  beyond 
it:— 

I.  In  Burghead  Bay,  extending  in  a  westerly  direction  for  7  miles  in 
from  6  to  7  fathoms ;  bottom  sand. 

II.  Off  Nairn,  running  parallel  to  the  coast  for  about  8  miles  in  from 
9  to  12  fathoms  ;  bottom  chiefly  muddy. 

III.  Cromarty  Firth,  stretching  for  4  miles  from  near  the  town  or 
Cromarty  westwards  in  4  to  7  fathoms ;  bottom  sand. 

IV.  Dornoch  Firth,  curving  parallel  with  the  shore  for  a  distance  of 
five  miles  in  7  to  9  fathoms ;  bottom  mud  and  sand. 

V.  Dornoch  Firth,  running  for  about  8  miles  in  from  11  to  15 
fathoms ;  bottom  sand  and  mud. 

VI.  Dornoch  Firth,  south  of  Station  V.,  running  westerly  for  5 
miles,  in  10  to  15  fathoms ;  bottom  sand. 

VII.  Three  and  three-quarter  miles  off  Tarbet  Ness,  running  nearly 
E.  by  S.  jj  S.  for  3j  miles  in  from  22  to  28  fathoms;  bottom  sand  and 
mud. 

VIII.  Twelve  miles  E.S.E.  from  Tkrbet  Ness  and  nine  miles  N.  |  E. 
of  Lossiemouth,  running  N.  by  W.  for  3^  miles  in  28  to  31  fathoms  ; 
bottom  sand  and  mud. 

IX.  Parallel  with  VI LI.,  and  four  miles  east  of  it,  running  for  three 
miles  in  28  to  32  fathoms ;  bottom  sand  and  mud. 

X.  Three  and  one-half  miles  from  Lossiemouth,  running  in  15  to  13 
fathoms  for  3^  miles  from  N.W.  to  S.E. ;  bottom  sand  and  shells. 

XL  On  Smith  Bank,  running  for  five  miles  E.  by  N.,  from  a  print 
\^  miles  E.S.E.  \  S.  of  the  Ord  of  Caithness,  in  18  to  25  fathoms ; 
bottom  sand  and  shells. 

XII.  On  Smith  Bank,  at  right  angles  to  XL,  beginning  10^  miles 
S.E.  by  S.  of  Clyth  Ness,  and  extending  S.  by  E.  for  5  miles  in  from 
18  to  21  fathoms  ;  bottom  shells  and  sand. 

XIII.  Parallel  with  XII.  east  of  Smith  Bank,  running  S.  by  E.  for 
6  miles  in  22  to  27  fathoms ;  bottom  sand  and  shells. 

XIV.  Off  Clyth  Ness,  beginning  3  miles  E.  by  S.  )^  S.  and  extending 
for  5  miles  S.  by  E.  in  30  fathoms ;  bottom  sand  and  shells. 

XV.  Off  Caithness,  extending  for  6  miles  S.  by  E.  from  a  point  10 j 
miles  S.E.  by  E.  of  the  Ord  of  Caithness  in  23  to  31  fathoms;  bottom 
sand  and  mud. 

XVI.  Begins  18|  miles  N.  of  Macduff,  extending  northwards  in  34 
to  36  fathoms  for  6  miles ;  bottom  sandy. 

The  total  number  of  fishes  of  all  kinds  caught  in  the  71  hauls  at  the 
above  stations  during  1900  was  8881,  or  an  average  of  125*1  per  haul. 
The  flat-fishes  numbered  6612,  and  comprised  the  following  species  in 
the  numbers  stated  : — 


Plaice 

1,152 

Long  Hough  Dabs    . 

1,262 

Lemon  Soles 

409 

Flounders 

26 

Witches    . 

109 

Turbot     . 

3 

Common  Dabs 

.^638 

Brill 

6 

Sail  Flukes 

t 

The  number  of  round-fishes  caught  was  considerably  less — viz.,  2044, 
belonging  to  the  following  species  : — 
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Cod          .         .         . 

147 

Hake 

Haddock  . 

784 

Pollack    . 

Whiting  . 

198 

Catfish 

Ling 

4 

Gurnard  . 

Saithe       .         .         .         . 

8 

18 

3 

14 

368 


There  were  also  84  skates  and  rays,  and  the  remainder  consisted  of 
the  bib  or  brassie  {G adits  hiscica)  ^^,  the  angler  38,  the  dragonet  39,  and 
a  few  other  inedile  foims. 

The  quantity  of  fishes  procured  by  the  "  Garland  "  is  therefore  small, 
and  furnishes  a  most  inadequate  basis  for  any  conclusions  as  to  the 
effect  of  the  closure  of  so  wide  an  area  as  the  Moray  Firth.  The  incom- 
petence of  the  vessel  for  the  work  it  was  intended  to  perform,  from 
other  reasons  than  its  unseaworthiness,  has  been  frequently  pointed 
out  in  previous  reports. 

It  is  shown  in  a  striking  manner  when  the  catches  of  its  small  trawl 
are  contrasted  with  those  pf  a  large  otter-trawl  used  by  ordinary  steam 
trawlers,  which,  with  the  authority  of  the  Board,  fished  occasionally  for 
scientific  purposes  in  the  Moray  Pirth  last  year  {see  p.58).  In  a  single 
haul  made  by  the  steam  trawlers,  occupying  four  hours,  more  plaice,  or 
haddocks,  or  cod  were  frequently  caught  than  the  "  Garland  "  caught 
during  the  year.  The  total  number  of  plaice  taken  by  the  **  Garland  " 
in  the  71  hauls  refeiTed  to  was  1152,  while  in  seven  siiccessive  hauls  of 
a  trawler,  each  haul  occupying  four  hours,  the  number  of  plaice  taken 
was  never  less  than  1390,  and  in  one  case  was  2415.  The  result  of  two 
days*  work  of  the  trawlers,  in  October  and  November  respectively,  may 
be  given  foi-  comparison  with  the  **  Garland's  "  work  for  the  year  : — 


Star  of  Hope. 
Oct.  10, 11. 


Cod. 


160 


St.  Atidrftc. 
Nov.  6,  6. 


181 


Haddock.    WhitliiK.       Plaice.        ^^" 

Common 
Dab. 

0th  sn. 

1 
Total. 

t 
1,0I»7              185 

2,197 

1,026 
60 

2,04S 

thl 

9,067 

1 
560               1U9 

12,911 

11,064 

5 

26,230 

f^  »» 


The  avei^age  number  of  fishes  taken  in  each  haul  of  the  ^'  Garland's 
net  was  125-1,  flat-fishes  giving  an  average  of  93*1  and  round-fishes  an 
average  of  28*8.  The  average  number  of  fiat-fishes  caught  pei  haul  of 
the  net  at  each  of  the  stations  was  as  follows  : — 


SUtion. 

'    Plaice. 

1 

Lemon 
Soles. 

witch 
Solea. 

Common 
l)a)je. 

L.  Rough 
!     Dabo. 

Flounder. 

1 
Turbot. 

Brill. 

Total. 

I. 

19*8 

0-2 

^ 

8-2 

^ 

^ 

_ 

0-2 

28-4 

II. 

4-3 

0-8 

2-2 

na 

9-2 

— 

— 

84-2 

III. 

16-6 

36 

_ 

1-5 

— 

0-2 

— 

— 

21*8 

IV. 

61-8 

_ 

18-6 

0-2 

1-2 

. 

0-3 

76^ 

V. 

86-5 

0-3 

_ 

48-6 

1-0 

1-8 

^ 

- 

87-8 

M. 

46-2 

1-8 

0-3 

84-8 

2-8 

1-8 

0-2 

— 

80-8 

VII. 

1-0 

6-2 

6-2 

124-0 

40-2 

— 

— 

176-6 

VIII. 

1-4 

6-8 

8-6 

87-4 

59*2 

_ 

— 

— 

ies-4 

IX. 

1-0 

4*4 

1-8 

88-4 

09-6 

— 

- 

0-2 

110-0 

X. 

30 

4-8 

2-6 

54-6 

18-8 

— 

— 

— 

84-2 

XL 

2-3 

11-3 

— 

70-0 

1-0 

— 

— 

— 

08-0 

XII. 

4-0 

14-6 

_ 

100-3 

1-8 

_ 

0-3 

0-6 

1213 

XIII. 

2-6 

126      ; 

— 

43-3 

2-3 

_ 

_ 

— 

61-0 

XIV. 

05 

4J)-5 

- 

32-6 

28-5 

. 

— 

— 

97-6 

XV. 

3-0      ' 

9-6 

— 

117-5 

19-0 

_ 

06 

— 

160*0 

XVI. 
Total, 

1-6 

236 

1 

1-5 

79-5 

74-0 

- 

- 

- 

180-0 

16-0 

57 

1-5 

60-6 

17-6 

03 

- 

- 

981 
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When  these  averages  are  compared  with  those  of  1898,  the  last  year 
in  which  the  Moray  Firth  stations  were  examined,  they  appear  to 
indicate  for  the  Firth  generally  a  slight  falling  off  in  the  abundance  of 
plaice  and  a  very  considerable  diminution  in  the  numbers  of  common 
dabs,  while  lemon  soles  and  long  rough  dabs  are  indicated  in  much  the 
same  proportion  as  before.  Among  round-fishes  the  decrease  indicated 
was  chiefly  in  gurnards,  but  also  in  haddocks.  Skates  were  represented 
by  the  same  average  in  the  two  years.  When  the  six  stations  within 
the  three-mile  limit  are  compai*ed  in  the  two  years  a  falling  off  is  also 
shown,  except  in  the  months  of  May  and  June. 

As  already  stated,  however,  these  observations  of  the  "Gkirland  "  are 
insufficient  to  indicate  any  conclusion  as  to  the  effect  of  the  closure, 
more  especially  when  it  is  considered  that  many  foreign  trawlers  have 
habitually  frequented  the  Firth  during  recent  years.  If  the  foreign 
trawlers  take  anything  like  the  quantity  of  fish  that  was  taken  by  the 
two  trawlers  above  i-eferred  to,  it  is  evident  that  the  "  Garland's " 
experiments  to  test  the  value  of  closing  the  waters  must,  under  the 
circumstances,  be  of  very  little  value. 

In  addition  to  the  trawling  experiments  of  the  "  Garland,''  statistics 
have  been  collected  showing  the  quantities  of  fish  taken  by  line-fisher- 
men within  the  limits  of  the  Moray  Firth.  The  total  quantities  and 
the  average  catch  per  "  shot "  of  the  line  in  each  of  the  districts  for  the 
past  six  years  are  as  follows : — 


District. 

1895. 

1896. 

1897. 

1898. 

1899. 

1000. 

Cwt8. 

Aver- 
txge. 

Owts. 

Aver- 
age. 

Cwte. 

Aver- 
age. 

Cvi-ts. 

Aver- 
ajfc. 

CwU. 

Aver- 
age. 

Cwtg. 

Aver- 
age. 

Wick, 

23,009 

4-03 

31,556 

5-40 

44,358 

616 

31,883 

6*49 

26,116 

5106 

28,927 

4*536 

Lybster,   - 
Helmadale, 

3,977 

3-77 

4,241 

2-87 

7,118 

4-22 

4,438 

3-26 

4,309 

1-398 

3.468 

1-506 

16,609 

415 

18,360 

4-71 

17,148 

4-93 

13,143 

3-84 

12,752 

3-85 

10,830 

8-606 

Cromarty, 

19.193 

2-93 

15,317 

2-51 

14,736 

2-48 

12,428 

2065 

11.183 

1-815 

11,070 

1-830 

Pinrthom. 

68,761 

4-86 

63,521 

4-46 

46,691 

2-66 

30,770 

2088 

31,826 

1-957 

21,734 

2-31 

Buckie, 

ri<),489 

4  66 

57,450 

5-05 

50,067 

4-77 

41,102 

4-24 

34,915 

3-357 

22,866 

3-aoo 

Banff, 
TotAl. 

76;491 

4-77 

66.471 

3-82 

61,329 

3-70 

36,057 

213 
3-244 

26,675 

2-406 

18,471 

1-834 

258.589 

^43 

256,916 

4-26 

241,350 

3-83 

169,321 

147,775      2-666 

1 

111,846 

2-600 

With  the  exception  of  the  Wick  district,  almost  all  the  line-caught 
fish  landed  on  the  shores  of  the  Moray  Firth  are  caught  in  the  Firth. 
The  gross  quantity  last  year,  viz.,  111,845  cwts.,  is  the  lowest  since 
these  statistics  began  to  be  collected,  and  the  average  catch  per  shot  is 
also  slightly  lower,  viz.,  2*60  cwts.,  as  compared  ^vith  2*66  in  the 
previous  year. 

The  quantity  l.-inded  in  1900  was  35,930  cwts.  less  than  in  the  year 
before,  57,476  cwts.  less  than  in  1898,  129,505  cwts.  less  than  in  1899, 
and  146,744  cwts.  less  than  1895.  During  the  six  years,  therefore,  a  pro- 
gressive decline  has  occuiTed  in  the  quantity  of  lish  Uikeii  by  line-fisher- 
men from  the  closed  waters,  the  gross  catch  last  year  having  been  con- 
siderably under  half  of  what  it  was  in  1 895.  Tlie  average  catch  per  **shot" 
has  also  fallen  in  the  same  period.  In  1895  it  was  4*43  cwts. ;  in  1896, 
almost  the  same,  viz.,  4*26  cwts.;  in  1897,  3*83  cwts.;  in  1898,  3-24 
cwtfi. ;  in  1899,  2*66  cwts. ;  and  last  year,  2-60  cwts.  The  decline  in 
line -fishing  was  not  confined  to  the  Moray  Fii-th,  but  was  shown  also  on 
other  pai-ts  of  the  coast,  the  total  quantity  of  line-caught  fish  landed 
being  almost  182,000  c^vts.  less  than  in  1899,  and  722,238  cwts.  under 
the  total  catch  in  1895.  On  the  East  Coast,  including  the  Moray  Firth^ 
the  decrease  in  the  year  amounted  to  145,346  cwts. 
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The  decrease  in  the  quantity  caught  by  line  in  the  Moray  Fii*th  was 
shared  by  each  of  the  seven  districts,  although  unequally.  The  greatest 
decline  was  exhibited  in  the  Findhom  and  Buckie  districts,  and  the 
least  in  Ci*omarty  district.  In  the  former  the  quantity  landed  in  1899 
was  31,825  cwts.,  last  year  it  was  21,724  cwts.,  showing  a  decrease  of  a 
little  over  10,000  cwts.  In  Buckie  district  the  quantity  landed  in 
1899  was  34,916  cwts.,  wliile  last  year  it  was  22,855  cwts.,  the  decrease 
being  over  12,000  cwt-s.  Banil*  exhibited  a  decrease  of  more  than  8000 
cwts.,  and  Helmsdale  one  of  2422  cwts. 

With  respect  to  the  various  kinds  of  fish  caught  by  line  in  the 
Moitty  Firth,  the  quantities  and  averages  per  "shot"  for  each  of  the 
past  six  years  are  given  in  the  following  Table : — 


m 

)5. 

1896. 

1897. 

1898. 

1899. 

1900. 

Fisn. 

1 

Cwte. 

Aver- 

t!wt€.      ^JJJ- 

Cwts.      ^^'^' 

Gwto. 

Aver- 

Owts. 

Aver- 

Owts. 

Aver- 

aife. 

ajre. 

1    tigc. 

age. 

at;e. 

age. 

Jod        -       -        - 

47,646 

0-81 

(M,6«;i  '  1-07 

70,731  1  1-26 

66,208 

107 

62,763 

0-96 

33.672 

0-779 

Jnjr 

2,9J{7 

0-005 

3,868  1  0-062 

3,544     0-066 

2,567 

0-049 

2,883 

0-052 

2,392 

0-065 

rorek 

24 

— 

!W|     - 

25,    - 

43 

— 

82 

— 

18 

— 

iaiUie    • 

5,0S3 

0-087 

10,<J36    0-17 

11,761     0-18 

14,881 

0-28 

9,383 

0-169 

9,126 

0*212 

iaddock 

178,:J70 

3050 

156,703  1  2-6 

126,(m  '  2-004 

81,096     1-654  1 

68,075 

1-229 

64,887 

1-275 

nrhiting 

5,114 

0-087 

4,836    0-08 

8,319    01)52 

1,536 

0-029 

1,323 

0-028 

1,736 

0*04 

rurbot  • 

— 

15      — 

16'    - 

13 

— 

60 

•^ 

4 

— 

Elalibut . 

403 

0-007 

691     0011 

707  1  0-011 

730    0-013 

762 

0-018 

268 

0*006 

Lemon  Sole   • 

— 

— 

19      — 

14       — 

1       — 

6 

_ 

4 

— 

'  Flounder,  Plaice, 

1 

and  Brill" 

5,765 

0-09 

3.402 

0-056 

3,978  '  0-063 

3,425    0065 

5,006 

0-09 

4,242 

0*096 

i^onger  - 

3lM&      - 

777 

0-013 

823 

0-013 

1,533  1  0-024 

826 

0-015 

741 

0-013 

338 

0-007 

3,014 

0-051 

3,683    0-061 

3.999    0-063 

3,273 

0-062 

8,584 

0-064 

2,609 

0-068 

:>ther  kinds  • 

0,456 

0-16 

7,483    0-12 

6,663  1  0-106 

4,674 

0-087 

3,116 

0-066 

2,769 

0-004 

The  quantity  of  all  line-caught  fish  landed  last  year,  with  the 
exception  of  whitings,  showed  a  decrease.  This  was  most  marked 
in  cod  and  haddock,  the  two  fishes  which  form  the  bulk  of  the  catches. 
In  1899  the  quantity  of  cod  was  52,753  cwts.,  last  year  it  was  33,572 
cwts.,  a  decline  of  more  than  19,000  cwts.  The  yield  of  haddocks  in 
1899  was  68,075  cwts.,  while  last  year  it  was  54,887  cwts.,  a  decline  of 
over  13,000  cwts.  A  few  years  ago  the  quantity  of  cod  and  haddock 
taken  was  very  much  greater.  In  1895  the  quantity  of  cod  landed  was 
47,646  cwts.,  in  1897  it  was  79,731  cwts.  Tlie  quantity  of  haddocks 
landed  in  1895  was  178,370  cwts.,  and  since  that  year  it  has  steadily 
decreased.  Less  cod  was  landed  in  all  the  districts  last  year  than  the 
year  before,  and  less  haddocks  at  BaniT,  Buckie,  Findhom,  and  Lybster, 
while  there  were  slight  increases  at  Wick,  Helmsdale,  and  Cromarty, 
ling  is  not  taken  in  great  numbei's  in  the  Moray  Firth,  and  the  quantities 
caught  have  not  fluctuated  very  much  in  diffei*ent  years.  In  1899  the 
amount  landed  wns  2883  cwts.,  as  compared  with  2392  cwts.  in  1900, 
the  decrease  in  the  latter  year  being  thus  491  cwts. 

The  next  most  abundant  line-caught  fish  is  the  saithe,  and  the  decrease 
in  this  case  is  also  inconsiderable ;  viz.,  257  cwts. ;  the  quantity  landed 
in  1899  was  9383  cwts.,  last  year  it  was  9126  cwts.,  and  the  average  per 
" shot"  was  somewhat  higher.  Whiting  is  exceptional  among  round-fishes 
in  presenting  an  inci*ease,  the  quantity  landed  in  1899  having  been 
1323  cwts.,  while  last  year  it  was  1736  cwts.,  an  increase  of  413  cwts., 
and  the  average  per  "  shot "  was  also  greater.  The  statistics  for 
previous  years  exhibited  a  gradual  decline  in  the  quantity  of  this 
fish  caught,  falling  from  5845  cwts.  in  1894  to  the  amount  stated  for 
1899. 

The  quantity  of  conger  landed  last  year  was  less  than  half  the  amount 
for  the  year  before,  but  in  both  cases  the  numbers  were  small,  viz., 
741    cwts.   in    1899   and  333  cwts.  in   1900.     Skates  also  showed  a 
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consideiable  falling  off,  from  3584  cwta.  in  1699  to  2509  owto.  last  year, 
a  decreaaa  of  107S  cwte. ;  and  "  other  kinds  of  white  fioh,"  which  include 
hake,  lythe,  catfish,  etc.,  declined  from  3116  cwts.  to  2769  owts.,  a 
difference  of  347  cwts. 

Among  flab-fishes,  which,  however,  are  caught  in  relatively  small 
projiortion  by  linea,  there  was  a  decrease  in  turbot,  viz.,  from  a  total  of 
60  cwts.  in  1899  to  a.  total  of  4  cwts.  in  1900.  They  were  Innded  in 
the  Wick  district  The  group  which  is  classified  in  the  returns  as 
"  flounders,  plaice,  and  brill "  showed  a  diminution  from  6005  cwta.  to 
4242  cwts.,  the  decrease  amounting  to  763  cwts.,  although  the  average 
per  "  shot,"  accoi-ding  to  the  returns,  was  practically  tlie  same.  Thve 
is  at  present  no  means  of  showing  how  much  of  the  decrease  mentionsd 
occurred  in  flounders,  or  in  plaice,  or  in  brill,  or  whether  dabs  and 
other  kinds  of  flat-flsh  caught  by  line  and  not  named  in  the  heading  are 
included  in  this  column.  Halibut  is  not  caught  in  great  quantity  in 
the  Moray  Firth  in  any  year,  but  the  decline  last  year  was  relatively 
great,  viz.,  from  762  to  253  cwts.  The  quantity  of  lemon  solos  taken  by 
lines  b  still  less.     It  was  4  cwts.  last,  yeai'  and  6  cwts.  the  year  before. 

The  statistics  dealing  with  the  number  of  "shots  "  of  the  line-fishing 
boats  in  the  Moray  Firth,  or  the  number  of  trips  to  the  fishing  grounds, 
show  that  the  increase  noted  last  year  has  not  been  maintained.  The 
Dumber  of  shots  both  of  th«  large  and  the  small  boats  diminished  in  1900 
compared  with  1699,  the  decrease  being  especially  marked  in  the  large 
or  great-line  boats.  The  figures  for  the  pest  seven  years  are  as 
follows  I — 


1894 

1896 

1896 

1897 

1898 

1899 

1900 

I^i-ge  Boats, 
SmaU.Boats, 

7,082 
54,866 

7,710 
60,643 

11,916 
48,346 

14,039 
48,836 

10,330 

41,863 

12,665 
42,808 

5,595 
33,572 

61,948 

68,363 

60,261 

62,875 

52,183 

55,473 

39,167 

It  will  be  observed  that  in  both  cases  the  numbers  ai-e  much  below 
those  of  any  previous  year.  There  wei-e  7070  fewer  shots  of  the  large 
boats,  and  9236  fewer  shots  of  the  small  boats,  the  combined  decrease 
being  16,306  shots.  The  cause  of  this  decay  in  line  fishing  is  no  doubt 
to  be  sought  rather  in  the  general  conditions  of  the  fishing  industry 
than  in  tne  condition  of  the  Moray  Firth,  since  it  is  manifest«l  on  other 
parts  of  the  coast. 

The  detailed  statistics  for  each  of  the  districts  are  as  follows : — 
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In  all  districts  there  was  a  decrease  in  the  number  of  shots  of  the 
large  boats,  and  also  of  the  small  boats  except  in  the  case  of  Wick. 
The  most  marked  falling  off  was  in  the  districts  of  Findhom,  Buckie, 
and  Banff.  In  Findhorn  district  the  number  of  shots  made  by  the 
large  boats  declined  from  5377  in  1899  to  1123  last  year,  in  Banff 
district  the  decline  was  from  1108  to  432,  and  in  Buckie  district  from 
1940  to  707. 

T.  WEMYSS  FULTON, 

Scientific  Superintendent. 
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TABLE  A. — Showing  Summary  of  Fish  taken  by  thb  'Garland 

Trawling  Operations  in  1900. 


IN 


Station  and 

Flat-Fl 

8h. 

■ 

. 

Round- Fish. 

1 

• 

t 

i 

• 

1 

1 

Date. 

1  Plaice. 
1 

§ 
S 

witch  Sol 

Common 
Dabs. 

Flounder 
Turbo  t. 
BriU. 
Total. 

• 

HaddockB 

i 

O 

I 

1 

i 

• 

1 

Moray 

FlRTB. 

1 
'        1 

Station  I. 

1 

1 

1 

1 

Feb.  8, 
April  18,    . 

U 

1 

•               •              • 

. 

1 
11 

11 

18 

. 

8  ,    . 

16 

1 

• 

1 

• 

2 

• 

1 

19 

May  11,      . 

'6i 

• 

9       . 

40 

• 

1 

16 

17 

1 

3 

60 

June  6, 

18 

• 

20 

38 

11 

11 

1 

60 

DecL  12,     • 

20 
99 

1 

1 

. 

« i  . 

.   )    . 

1  1    87 
1      142 

1 

1 

1 

• 

2 

8 

2 

• 

42 

2 

29 

88 

8 

4 

1S2 

Station  TI. 

^^^ 

■"l 

* 

Jan.  17,      . 

1 

1 

2 

48 

28 

• 

76 

• 

1 

8 

• 

9 

8 

1 

88 

Feb.  7. 

• 

1 

7 

1 

8 

17 

2 

8 

7 

17 

3 

87 

April »,      . 

1 

• 

• 

2 

2 

• 

6 

• 

• 

1 

1 

1 

7 

May  7,        . 

14 

• 

• 

19 

1 

84 

• 

• 

• 

5 

6 

SO 

June  6, 

4 

2 

4 

17 

17 

44 

• 

• 

6 

6 

49 

Dee.  8, 

6 
26 

1 
6 

18 

19 
106 

4 
65 

• 

. 

• 

80 
205 

2 
4 

• 

9 

7 

6 

14 

• 

• 

44 

28 

15 

51 

4 

4 

264 

StaUon  III. 

Jan.  17,     . 

16 

6 

5 

• 

26 

29 

• 

29 

11 

66 

Feb.  6, 
April  12,    . 

24 

4 

1 

• 

29 

28 

. 

2 

80 

1 

GO 

20 

1 

1 

1 

23 

6 

1 

7 

80 

May  7,        . 

7 

• 

• 

• 

7 

June  4, 

17 

1 

2 

• 

20 

1 

2 

8 

1 

34 

Not.  80,     . 

16 

100 

10 
21 

• 

• 

• 

• 

1 

. 

• 

26 
131 

35 

5 

16 

• 

66 

8 

4 

04 

19 

2 

125 

8 

17 

281 

SUtion  IV. 

Jan.  19,      . 

28 

7  1    . 

• 

• 

80 

1 

31 

Feb.  18,      . 

71 

1       • 

2 

• 

5 

• 

• 

78 

• 

: 

8 

81 

April  10,     . 

48 

1        , 

1 

• 

2  '    . 

• 

46 

1 

1 

2 

3 

51 

Mays, 

166 

1 

1        • 

82 

1 

•                •               • 

198 

• 

1 

1 

5 

204 

Juno  11,     . 

11 

»  !  . 

•               •               • 

22 

1 

6 

7 

2 

1 

32 

Dec.  (J, 

.'>6 

29 

• 

2 

66 

7 

2 

8 

• 

12 

2 

1 

101 

368 

• 

• 

82'     1 

7       .         2 

460 

7 

8 

6 

7 

22 

16 

2 

500 

StaUon  V. 

Jan.  19,      . 

10 

• 

25       8 

. 

."W 

38 

Feb.  18,      . 

17 

• 

b 

• 

8  '    .        .    ■    25 

S6 

April  11,    . 

62 
80 

• 

1 

61 
68 

• 
• 

6       ... 

128 
189 

• 
• 

12 

'8 

24 

16 
24 

1 
2 

• 

144 

165 

June  11,     . 

27 

1 

67      . 

•        '        •                 • 

85 

2 

1 

1 

8 

12 

1 

98 

Dec.  6, 

23 

• 

80       8 

-       i 

.       112 

1 

1 

4 

1 

7 

1 

• 

130 

219, 

1 

2 

• 

292 

6 

8 

.    1  627 

1 

8 

14 

8 

88 

58 

4 

1 

690 
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IncludM  1  uU  flnks. 
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TABLE  B.— ANALYSIS    on    the    '  GARLAND'S '    STATISTICS 
RELATING  to  tbe  RELATIVE  ABUNDANCE  of  FISH. 
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TABLE  C. — RsooRD  of  Obsertationb  made  on  Buabd  thi  "6i.blahd"  dcrimo  1900. 
A.  FISH  CAUGHT— UoKiT  Firth. 


■e  InttiH.  t  Two  K  inchM.  Ob*  H  [dcIim  U  lncb«L 
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TABLB  C. — Record  of  Obsbrvations  ma.db  cm  Bo&kd  the  "  Oabli.eid  "  oDBiMa  1900. 
A.  FISH  CAUGHT-MoRAT 


:; 

? 

? 

+ 

+ 

TOM 

1 

;■ 

1 

! 

1 

1 
1 

i 

1 
11 

< 
■      I 

U 

) 

111 
M 

H 
■ 

< 

1 
K 

M 
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TABLE  C. — Rboord  op  Obsbrtations  hadi  on  Boakd  thi  "Garland"  ditriko  1900. 
A.  FISH  CAUGHT— Moray   FiBTU-eonitnuoJ. 


I  0D»  »  iDCllCI 
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TABLE  G. — Rkoosd  of  Obsertationb  made  on  Boabd  the  "Garland"  durino  1900. 
A.   K18H  CAUGHT— MuUAY  Fiktii— ranfinual. 


a  Pari  in.—MtUeemtk  Annual  Beporl 

TABLE  C. — RacoRD  of  OsaERVATioxs  m&db  oh  Bo\rd  the  "Gabland"  DiraiHa  1900. 
A.  FISH  CAUGHT— UouT  Firtb— oDiKiiwal. 
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ABLE  0,— Rboord  or  0b8IRtationb  hads  os  Board  the  "Garland"  during  1900. 
A.  FISH  CAUGHT— MOBAT  FiRTa^eantimuii. 
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TABLE  C— Record  op  Observations  madr  on  Board  thi  "Garland"  during  190( 


A.  FISH  CAUGHT -Moray  Jivni—cmUinued. 


Station, 

SiZK  IN  IncHBS. 

Date,  and 
Time 

Kind  of  FlNh. 

~  " 

. 

1        ! 

1 

Td 

Trawl 

4     A  ;  fi 

7 

8 

9 

10 

11 

13     13 

14      15 

16 

17 

18     19  ;  30 

31 

33 

35 

down. 

+  1  + 

1 

1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

SUtton 

VIU. 

1 

1900. 

Haddock,    . 
WhWnK,     . 

•  1     • 

•  • 

4 

• 

I 

• 

• 

1 

• 

3 

• 

1 

4 

• 

8 
1 

6 

1 

3 

• 

• 

1 

• 
• 

• 
• 

•               • 

.    !    . 

Jan.  SI. 

Long  rough  dab, 

4 

11 

20 

7 

• 

> 

• 

• 

• 

• 

• 

• 

11-10  a.ni. 

Lemon  sole, 

•                 • 

2 

1 

• 

• 

. 

1 

• 

9 

1 

• 

to 

Witch  Mle, 

•        '         ■ 

• 

2 

• 

3 

3 

• 

6 

• 

• 

1 

0-15  p.m. 

Common  dab,    . 

8  '  32 

21 

12 

5 

• 

■ 

• 

• 

• 

• 

• 

Starry-ray, . 

• 

• 

• 

• 

• 

• 

• 

1 

• 

• 

• 

• 

1 

Feb.  9. 

Haddock,    . 

• 

• 

• 

• 

• 

• 

3 

• 

1 

• 

• 

■ 

a-80  p.m. 

Long  rough  dab, 

• 

7 

17 

11 

5 

.  1 

■ 

• 

• 

• 

• 

to 

Lemon  Aole, 

1 

• 

• 

• 

• 

8 

■ 

• 

• 

• 

3-4«  p.ni. 

Witch  Hole, 

•        1        "       1        • 

• 

• 

• 

• 

• 

1 

3 

• 

Common  dab,     . 

8  ;    7      10 

3 

•1 

• 

• 

• 

• 

• 

.        . 

Thomback  8kat4>, 

•              •              • 

• 

• 

. 

• 

1 

• 

■              • 

1 

• 

^_ 

: 

- 

April  20. 
5-37  a.ni. 

Com.  gnmard,   . 

3 

1 

3 

1 

3 

■              • 

1 

•               • 

•              ■ 

1 
1 

•                •                • 

Angler, 

• 

1 

• 

• 

• 

•              • 

■ 

• 

to 

Cod,    . 

• 

• 

• 

• 

• 

•             • 

• 

• 

•                . 

7.87  a.m. 

Hnddr)ck,    . 

4 

14 

:• 

• 

3 

T 

5       1 

• 

• 

1 

• 

Whiting,     . 

• 

• 

3 

6 

3 

8       .        . 

Hake, 

• 

• 

• 

• 

• 

1 

Long  roogh  dab. 

1    11 

20 

23 

3 

• 

• 

•               • 

• 

*                •               • 

Plaice, 

• 

• 

■ 

• 

• 

•               • 

1 

I 

*                •                > 

Lemon  sole, 

1 

• 

• 

• 

• 

• 

■               • 

1 

• 

•                 • 

Witch  fcole, 

• 

• 

1 

11 

3 

, 

3 

1 

1 

• 

•        1        • 

Common  dab, 

3 

12 

17 

13 

3 

3 

•                 • 

• 

• 

• 

•                 • 

Thomback  skate. 

•                 • 

• 

• 

• 

• 

• 

.    I    . 

• 

• 

1 

• 

.    1 

*       1        •       1        • 
1 

1 

1 

Jane  13. 

Cora,  gnmanl,    . 

1 
1 

10 

2 

, 

• 

• 

• 

1 

• 

■ 

• 

• 

l-4«p.ni. 

Angler. 
Cat-flHh,     . 

• 

• 

■ 

. 

.    ■    . 

• 

• 

1 

• 

I 

to 

• 

• 

. 

• 

• 

\ 

. 

1 

3-48  p. m. 

Haddock,    . 

1 

■                 • 

• 

• 

. 

•                 • 

• 

• 

• 

Hake, . 

•                 ■ 

. 

.    ■     1 

2 

• 

Ling,  . 

■                 • 

9  • 

• 

. 

.    ■    . 

■ 

. 

1 

« 

Long  rough  dab, 

11 

47 

36 

7 

. 

•                 •                 • 

. 

. 

] 

Lemon  oole, 

1        'i 

i 

3 

1    .  .  1  :  . 

.         . 

Witch  sole, 

•                 • 

• 

1 

3 

3 

1 

• 

1 

• 

1 

1 

1 

•                 • 

Common  dab,     . 

4      28 

55 

26 

5 

. 

• 

• 

• 

. 

• 

] 

Qrey  skate. 

1 

• 

• 

. 

• 

•          • 

• 

. 

• 

• 

* 

Dec.  18. 

Com.  gurnard,   . 

3 

1 

4 

1 

1 

3-6  p.in. 

Pogge, 

.    '     1 

• 

• 

• 

• 

to 

Angler, 

•                 • 

• 

• 

, 

. 

1 

3-65  p.ni. 

Dragonot, 
Haddoek,  . 

•                 • 

85 

1 
15 

• 

8 

• 

7 

Whiting,    . 

• 

• 

• 

. 

8 

1 

Long  rough  dab. 

3 

21 

19 

11 

1 

• 

•               • 

Plaice,        .        . 

• 

• 

• 

• 

• 

.    ■    1 

1 

1 

1 

1 

Lemon  sole. 

• 

1 

• 

• 

• 

•        • 

Common  dab,     . 

9 

68 

61 

28 

7 

2 

3 

i 

•                 ■ 

] 

\ 

*  62(  Inches. 


t  One  42  inches. 


}  36  Inches. 
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A,  FISH  CAUGHT— MoBAy  FiKra—eorUiaurd. 
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TABLE  C. — RiooRD  op  Observations  uadb  on  Board  thb  "Garland"  ddrinq  190( 
A.  FISH  CAUGHT— Moray  Firth— «>«Hni(*ii 


nohei.  t  U  In 


of  the  Fishery  Board  for  Scotland, 
TABLE  C. — Rbcord  or  Observations  made  on  Board  the  **Gar*land"  during  1900. 


A.  FISH  CAUGHT— Moray  Yikth— continued. 


Station, 

ft«te,and 

Time 

Trawl 

down. 

Kind  of  Fish. 

Sizi  m  Inchea. 

4 

6 

+ 

1 

1 

3 

84 

1 

• 

3 
61 

• 

1 
30 

*1 

84 

3 

• 

43 

6 

+ 

7 

+ 

8 

+ 

13 

1  ; 

3 

• 

8 

1 

• 
• 
• 

1 
2 

• 

• 

• 

'l 
18 

• 

1 

• 

1 

■ 

1 

• 
• 

8 

7 

19 
1 

9 

+ 

10 
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II.   INVESTIGATIONS  MADE   ON  BOARD  STEAM 

TRAWLERS. 

J. 
By  T.  Wemtbs  Fulton,  M.D.,  F.R.S.E.,  Scientific  Superintendent. 

The  Board  having  granted  authority  for  the  occasional  employment 
of  steam  trawlers  within  the  Moray  Firth  or  other  parts  of  the 
territorial  waters  of  Scotland,  on  condition  that  no  expense  was 
thereby  incurred,  arrangements  were  made  at  Aberdeen  for  the 
purpose,  and  the  chief  results  of  a  nimiber  of  trips  of  this  kind  are  given 
in  the  following  pages.  Since  better  catches,  especially  of  flat-fishes, 
are  secured  inshore  within  the  closed  waters  than  on  the  offshore 
grounds,  no  difficulty  was  experienced  in  obtaining  the  use  of  trawlers  for 
the  work.  The  other  conditions  imposed  were  that  facilities  were  to  be 
given  for  the  examination,  enumeration,  and  measurement  of  the  fish 
caught,  for  the  use  of  tow-nets,  for  experimental  hauls  with  cod-ends  of 
different  mesh,  and  with  small-meshed  netting  around  the  cod-end,  and 
for  certain  hauls  to  be  taken  in  specified  places.  Otherwise,  the  vessels 
were  allowed  to  carry  .on  their  trawling  operations  within  the  area 
assigned,  wherever  the  skipper  thought  best,  and  the  places  selected  were 
naturally  those  where  fish  were  believed  to  be  most  abundant. 

The  steam  trawlers  employed  were  the  St,  Andrew  (Captain  Caie) 
and  the  Star  of  Hope  (Captain  Murray) ;  and  I  have  to  thank  the 
gentlemen  named,  as  well  as  the  owners,  Messrs.  Thomas  Walker  <& 
Sons,  for  the  facilities  they  willingly  gave.  Each  vessel  used  an  otter- 
trawl  of  the  usual  form.  That  of  the  St.  Andrew  had  a  head-line  of 
120  feet,  while  the  head-line  of  the  trawl  of  the  Star  of  Hope  was  108 
feet  in  length. 

The  localities  where  the  tiuwling  operations  were  carried  on  were  the 
Moray  Firth  and  Aberdeen  Bay,  and,  by  the  courtesy  of  Captain  Caie, 
two  trips  were  also  made  on  the  St.  Andrew  to  the  deep-sea  grounds. 
The  principal  objects  in  view  were  (1)  to  obtain  definite  records,  which 
would  be  useful  for  future  comparison,  of  the  abundance  of  the  various 
kinds  of  fish  on  the  grounds  visited ;  (2)  to  ascertain  the  proportion  of 
small  and  unmarketable  fishes  to  the  marketable  in  each  haul  of  the 
net ;  (3)  to  discover  the  proportion  of  immature  fish  caught  by  the  trawl, 
and  whether  it  were  practicable  to  lessen  the  quantity  of  immature  fish 
so  taken  by  enlarging  the  mesh  of  the  net ;  (4)  to  investigate  the  rate 
of  growth  of  fishes.     (See  p.  1 54.) 

Before  dealing  with  these  questions,  it  may  be  desirable  to  describe 
the  routine  work  on  board  a.  steam  trawler  while  on  the  fishing  grounds. 
The  selection  of  the  place  of  fishing  is,  in  ordinary  circumstB.nces,  left 
entirely  to  the  skipper  of  the  vessel,  and,  since  he  and  the  mate  are 
paid  by  the  results  of  the  trip,  such  grounds  are  naturally  selected  as 
may  give  the  best  returns.  Each  vessel  is  provided  with  two  fully- 
equipped  otter-trawls,  so  that  if  one  be  damaged  the  other  may  be  used 
without  causing  delay  in  the  work.  The  duration  of  the  hauls  varies 
according  to  the  ground,  the  weather,  and  the  abundance  of  fish.  On 
the  offshore  grounds  the  drags  are  usually  for  five  hours ;  but  while 
working  in  Aberdeen  Bay  and  the  Moray  Firth  they  were,  as  a  rule, 
shorter — generally  three  or  four  hours.  When  the  net  is  brought 
alongside,  the  crew  lie  over  the  gunwale  and  gather  in  the  loose  net, 
bringing  the  ground -rope  on  board  as  soon  as  they  can.  When  the  bag 
of  fish  is  brought  to  the  surface,  a  rope  is  passed  round  the  neck  of  the 
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cod- end,  and  the  whole  is  then  hoisted  on  board  by  the  aid  of  the  steam- 
winch  and  suspended  over  the  "  pound  " — a  part  of  the  fore-deck  having 
strong  upright  boards  fixed  into  slots,  so  as  to  form  a  compartment  for 
receiving  the  fish.  One  of  the  men  then  creeps  below  the  bag  and 
unfixes  the  greased  rope  by  which  the  opening  in  the  cod-end  is  tied  up 
— an  operation  not  unattended  with  risk  when  the  vessel  is  rolling 
heavily.     The  contents  of  the  net  then  fall  into  the  pound. 

The  first  duty  after  the  *'  bag ''  of  fish  has  been  emptied  into  the 
pound  is  to  get  over  the  net  again  for  another  drag.  It  is  usually  the 
same  net  that  is  used — unless  it  has  been  badly  torn,  when  the  other 
trawl  is  shot  instead.  The  time  taken  to  haul  the  net,  to  empty  it  of 
fish,  and  to  shoot  it  once  more,  varies  from  several  circumstances — 
especially  the  condition  of  the  weather,  the  quantity  of  fish,  the  depth 
of  water,  and  the  amount  of  damage  to  the  net,  if  any ;  it  is  generally 
from  about  half  to  three-quarters  of  an  hour.  Immediately  after  the 
net  has  been  again  shot,  all  the  hands,  except  the  skipper  at  the  wheel 
and  the  engineers,  begin  to  deal  with  the  catch.  They  sit  around  the 
pound  and  select  the  various  kinds  of  fish  from  the  mass,  tossing  them 
into  baskets  according  to  their  kind  and  quality,  and  pitching  overboard 
the  '* rubbish"  as  they  come  across  it,  and  which  consists  of  the 
unmarketable  fishes,  sea- weeds,  shells,  stones,  sticks,  and  various 
invertebrates.  It  was,  however,  necessary  for  the  proper  registration 
of  the  hauls  while  our  investigations  were  going  on  that  all  the  fishes 
and  the  residue  of  the  catch  should  be  kept  on  deck  for  examinatior 
and  this  rule  was  enforced  on  all  occasions. 

The  flat-fishes  are  never  gutted,  nor  were  cod,  or,  indeed,  any 
descriptions  except  haddocks,  codlings,  and  skates.  Cod  and  whitings 
are  sometimes  gutted  in  summer.  Plaice  (usually  called  "flats") 
are  assorted  into  three  sizes — large,  medium,  and  small;  lemon  dabs 
are  assorted  into  large  and  small,  as  are  also  witches  and  megrims. 
Common  dabs,  which  may  be  taken  to  market  in  considerable  quantities 
and  are  locally  known  as  *'  satties,"  are  placed  separately,  but  they  are 
sometimes  mixed  with  small  plaice  if  the  quantity  of  the  latter  is  small. 
Haddocks  are  separated  into  three  classes — large,  medium,  and  small 
(called  "  firsts,"  "  seconds,"  and  "  thirds  ") — and  they  are  always  gutted , 
unless  those  of  the  last  haul  or  two  (if  the  vessel  is  near  enough  port) , 
which  may  be  left  ungutted;  these  are  known  as  ''rounds"  or  'Mive" 
haddocks,  and  command  a  better  price.  Whitings,  which  are  occasion- 
ally gutted,  are  divided  into  large  and  small.  The  only  fish  that  was 
regularly  ''bled  "  was  the  turbot.  When  the  baskets  are  full  the  fish 
are  well  soused  with  the  hose,  and  are  then  lowered  into  the  fish-hold 
and  packed  with  ice  in  the  compartments  and  shelves.  When  the  fish 
have  been  packed  away  the  remaining  "  rubbish  "  is  shovelled  overboard, 
and  the  deck  and  the  pound  thoroughly  washed  with  the  hose.  The 
men  then  go  to  their  meals  and  "  turn  in  "  to  sleep  until  the  net  is  again 
hauled. 

While  on  the  fishing  grounds  the  work  is  extremely  hard  and  constant, 
especially  if  the  hauls  are  frequent  and  haddocks  abundant.  The 
gutting  of  the  haddocks  when  the  quantity  is  large  is  tedious  and  takes 
a  long  time,  and  all  the  work  is,  of  course,  done  without  shelter  on  the 
open  deck ;  and  in  winter  and  stormy  weather  the  men  are  consequently 
much  exposed. 

I  have  to  thank  Mr.  H.  Dannevig  and  Mr.  P.  Jamieson  for  much 
aasistanoe  in  tabulating  the  catches.  The  records  of  the  hauls  in 
deep  water  in  October  were  all  made  by  Mr.  H.  Dannevig,  with  the 
exception  of  those  referring  to  the  small  fishes  caught  in  the  fine-meshed 
net,  which  were  brought  to  the  Laboratory  preserved  In  a  solution  of 
formaline. 
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The  Fish  oauoht  ok  the  Diffebent  Grounds. 

Inasmuch  as  these  investigations  were  carried  on  only  in  autumn  and 
are  now  being  continued,  particular  comparison  of  the  hauls  on  the 
different  grounds  will  be  of  more  value  when  fuller  information  is 
acquired  at  various  seasons  of  the  year  and  a  chart  showing  their 
position  has  been  prepared.  In  the  Tables  appended  to  this  paper 
details  for  each  haul  are  given,  indicating  the  number  of  the  various 
kinds  of  fishes  caught  and  the  place  where  the  hauls  were  made. 

With  regard  to  thQ  question  as  to  whether  the  abundance  of  the  food- 
fishes  has  increased  or  diminished  in  recent  years  on  the  grounds  visited, 
there  are,  unfortunately,  no  records  existing  with  which  the  present 
ones  can  be  compared.  The  hauls  of  the  Garland  in  the  Moray  Firth 
and  Aberdeen  Bay  were  made  with  a  small  beam -trawl  (25  feet),  and 
are  of  little  or  no  use  for  comparison,  as  many  fish  being  caught  in  one 
haul  of  the  large  otter-trawl  of  the  St.  An<h'ew  as  in  many  hauls  by  the 
Garland.  It  may,  however,  be  of  much  importance  at  some  future  time 
to  have  records  for  comparison  such  as  those  now  published. 

It  will  be  seen  from  the  Tables  that  in  the  inshore  waters  of  the 
Moray  Firth  and  Aberdeen  Bay  fish  were,  as  a  rule,  abundant.  It  was 
no  uncommon  thing,  for  example,  to  catch  from  1200  to  1500  or  1600, 
and  even  sometimes  over  2000,  plaice  in  a  single  drag  of  four  hours  in 
the  Dornoch  Firth  in  November,  the  great  majority  of  which  were  of 
marketable  size.  Further  north,  on  hso^der  ground  and  in  deeper  water, 
more  than  300  lemon  soles  were  procured  in  a  single  drag.  The 
quantity  of  haddocks  taken  varied  very  considerably  on  the  same  grounds 
at  different  times.  The  largest  haul  was  made  by  the  St.  Andrew  in 
Aberdeen  Bay  in  October,  when  3891  wei*e  taken,  of  which  all  but  5 
were  marketable.  The  greatest  number  of  whitings  taken  in  one  drag 
was  in  Aberdeen  Bay  in  October,  viz.,  1042,  but  of  these  only  182  were 
marketable.  One  of  the  features  of  the  condition  of  the  inshore  waters 
at  the  time  the  hauls  were  made  was  the  presence  of  great  shoals  of 
immature  whitings,  the  majority  of  which  were  under  six  inches  in 
length.  Small  cod  were  also  fairly  numerous,  but  young  haddocks  were 
much  less  abundant. 

On  the  deep-sea  grounds  scarcely  any  young  whitings  or  haddocks 
were  obtained,  the  place  of  the  former  being  taken  by  a  small  species  of 
the  cod  tribe — the  Norway  Pout — which  was  occasionally  caught  in 
thousands  in  a  single  haul  of  the  fine-meshed  net.  This  fish  was  not 
previously  known  to  exist  on  these  grounds.  Another  feature  was  the 
paucity  of  plaice,  and  they  were  all  of  large  size.  On  the  other  hand, 
witches,  megrims,  and  long  rough  dabs  were  most  numerous  on  the 
ofishore  grounds,  but  young  specimens  of  the  two  former  species  were 
scarce  and  none  of  them  were  very  small.  Long  rough  dabs,  on  the 
contrary,  were  procured  of  all  sizes  in  abundance. 

The  Marketable  and  Unmarketable  Fishes. 

In  recording  the  fishes  caught,  care  was  taken  to  distinguish  between 
those  which  were  put  into  the  fish-hold  for  market  and  those  which 
were  rejected  aud  thrown  overboard,  and  they  are  separately  stated  in 
the  Tables.  Among  the  latter  are  always  included  such  fishes  as  dog- 
fishes, anglers,  and  long  rough  dabs,  which  are  not  used  as  food,  and 
also  those  edible  fishes  which  are  too  small  to  be  pLiced  on  the  market. 
In  both  cases,  however,  variation  in  the  practice  occurs.  It  used  to 
be  common  for  anglers  and  others  to  be  taken  ashore,  when  they 
were     the    perquisite     of     the     crew.      Gurnards    are    sometimes 
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taken  to  market  at  Aberdeen.  On  the  occasions  in  question  they 
were  always  thrown  overboard,  although  sometimes  as  many  as  400, 
many  of  them  of  large  size,  were  caught  in  a  single  drag.  Large  common 
dabs  are  usually  taken  to  market,  and  sometimes  many  of  a  medium 
size — the  quantity  of  the  latter  depending  in  large  measure  upon  the 
quantity  of  other  flat-fish  obtained;  when  plaice  are  abundant  com- 
paratively little  attention  is  paid  to  dabs.  The  numbers  of  small  plaice 
taken  to  market  was  surprisingly  large ;  a  few  years  ago  they  would  have 
been  thrown  overboard  with  the  "  rubbish." 

The  proportion  of  the  edible  fishes  caught  in  the  net  which  are 
rejected  because  of  their  small  size  varies  with  different  species  and  on 
different  grounds,  but  it  is,  as  a  rule,  small.  Of  2306  cod  and  codlings 
brought  on  board,  2052  were  marketable  and  254  were  thrown  over- 
board, the  proportion  of  the  latter  being  therefore  about  1 1  per  cent. 
The  highest  percentage  was  found  in  the  hauls  made  inshore,  especially 
in  the  Moray  Firth.  On  the  deep-sea  grounds  the  number  of  codlings 
rejected  as  undersized  was  only  16  in  a  total  catch  of  1075;  the 
proportion  was  therefore  only  about  1  ^  per  cent.  Of  220  ling  taken, 
only  1  was  of  an  unmarketable  size,  and  it  was  caught  in  Aberdeen  Bay. 
Four  saithe  of  a  total  of  58  were  unmarketable,  1  tusk  out  of  46,  and  2 
hake  of  a  total  of  375.  Among  haddocks,  the  proportion  of  those 
rejected  because  of  their  unmarketable  size  was  small,  viz.,  780  out  of  a 
total  of  47,758,  or  slightly  over  IJ  per  cent.  Here  also  the  higher 
proportions  were  in  inshore  watei's;  in  Aberdeen  Bay  it  was  about 
2^  per  cent. ;  in  the  Moray  Firth  and  on  the  deep-water  grounds  it  was 
a  little  over  1  per  cent. 

The  number  of  whitings  discarded  because  of  their  small  size  is 
relatively  greater.  Of  a  total  of  8483  caught,  no  less  than  2530,  or 
nearly  30  per  cent.,  were  not  brought  to  market.  The  abundance  of 
undersized  whitings  in  the  hauls  in  the  inshore  waters  was  specially  note- 
worthy, and  conti-asted  with  the  condition  on  the  deep-water  grounds. 
In  Aberdeen  Bay,  of  a  total  number  of  3264  whitings  taken,  no  less 
than  2324  were  rejected,  and  only  940  taken  to  market.  In  the  Moray 
Firth  the  proportion  was  21  per  cent.,  while  on  the  deep-water  grounds 
it  was  under  1  per  cent.,  only  34  being  found  unmarketable  among  4400 
caught.  The  difference  was  caused  by  the  presence  of  great  shoals  of 
smaU  whitings  in  the  inshore  waters  in  autumn  (see  p.  166). 

With  regard  to  flat-fishes,  long  rough  dabs  are  not  taken  to  market, 
and  only  a  certain  number  of  common  dabs,  according  to  circumstances. 
The  quantity  of  plaice  caught  in  these  hauls  was  considerable,  viz.,  26,047, 
and  of  these,  3712,  or  about  14  per  cent.,  were  thrown  overboanl  as 
undersized.  The  proportion  of  these  small  plaice  varied  very  mudi  in 
different  hauls,  according  as  to  whether  the  net  was  carried  into  shallow 
water  or  not,  and  it  was  highest  in  some  of  those  made  in  the  Moray 
Firth,  where  the  proportion  was  about  17  per  cent.  In  Aberdeen  Bay  it 
was  much  lower,  only  slightly  over  1  per  cent. ;  while  on  the  deep-water 
grounds,  where  plaice  are  very  scarce,  none  of  an  unmarketable  size 
were  found.  Among  lemon  soles,  the  proportion  of  the  undersized  was 
about  19  per  cent.,  305  being  rejected  from  a  total  of  1557.  In  the 
Moray  Firth  the  percentage  was  rather  higher,  viz.,  nearly  20 ;  in 
Aberdeen  Bay,  where,  however,  few  were  taken,  it  was  higher  still ;  on 
the  deep-water  grounds  it  was  about  15  per  cent.  Of  a  total  of  2259 
witches  caught,  143,  or  about  6  per  cent.,  were  undersized;  and  this  was 
also  about  the  proportion  of  the  unmarketable  among  the  733  megrims 
or  sail-flukes  taken.  None  of  the  brill  or  turbot  were  undersized,  but 
the  numbers  were  small — 72  and  6  respectively ;  and  of  53  halibut  only 
1  was  unmarketable.     The  number  of  common  dabs  taken  to  market 
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was  8484  of  a  total  of  33,259  caught.  Among  skates  and  rays  the 
propoi-tion  that  was  unmarketable  varied  widely.  Of  980  starry  rays, 
only  152  were  boxed;  all  the  white  skates— -42  in  number — were 
marketable;  of  117  grey  skates,  44  were  unmarketable;  while  81  of  123 
thombacks  were  unmarketable.  I  append  a  Table  showing  the  numbers 
of  those  taken  to  market  and  those  rejected  of  the  more  important  edible 
fishes  caught— the  former  in  Column  I.,  and  the  latter  in  Column  II. 


Cod. 

Ling. 

Saithe. 

Tusk. 

Hake. 

Haddock. 

Whiting. 

L 

2,062 

II. 

254 

I. 

220 

II. 
1 

I. 

54 

II. 
4 

I. 

40 

II. 

1 

I. 

378 

IL 
2 

I. 
46,978 

IL 

780 

I. 
5,053 

II. 
2,530 

Halibut 

Turbot. 

Brill 

Plaioe. 

Lemon. 

Witoh. 

SaU-fluke. 

52 

1 

6 

•  • 

72 

•  • 

22,336 

3,712 

1,252 

805 

2,116 

143 

689 

44 

flounder. 

Com.  Dab. 

Grey  Skate. 

White  Skate. 

Starrj  Ray. 

Thoraback. 

Cat-fish. 

81 

IS 

8,484 

24,775 

73 

44 

42 

•  • 

162 

828 

42 

81 

12 

1 

Thk  Influence  of  the  Size  of  Mesh  of  the  Net. 

In  order  to  ascertain  the  propoi*tion  of  undersized  fish  which  wei*e 
caught  in  the  trawl  and  the  proportion  which  escaped  through  the 
meshes  of  the  net,  the  cod-end  was  on  several  occasions  enveloped  in  a 
bag  of  netting  with  half -inch  meshes,  so  that  the  small  fi^es  that 
passed  might  be  retained.  There  is,  perhaps,  no  error  so  prevalent  among 
fishermen  as  that  which  involves  the  supposition  that  the  mesh  of  the 
trawl-net  has  little  relation  to  the  size  of  the  fish  caught  by  it.  It  is 
believed  that  the  traction  on  the  net  as  it  is  dragged  along  the  bottom 
closes  the  meshes,  so  that  very  small  fish,  if  they  once  enter,  are 
captured ;  and  this  opinion  was  expressed  by  all  the  fishermen  on  board 
the  trawlers  when  the  experiments  were  about  to  be  made.  They 
thought  that  very  few  fish  would  be  found  in  the  small -meshed  net.  In 
point  of  fact,  the  number  of  fish  thus  caught  was  always  much  greater 
than  the  number  retained  in  the  otter-trawl,  and  was  sometimes 
surprisingly  large.  In  one  haul  of  3|  hours,  for  example,  in  Aberdeen 
Bay  in  December,  while  the  catch  of  the  otter  trawl  was  moderate — 
comprising  872  fishes — the  quantity  of  fishas  that  had  passed  through 
the  meshes  and  were  caught  in  the  fine  outer  net  was  so  great  that  the 
latter  burst  from  the  weight  of  fish  while  being  got  on  board,  and  it  5^as 
estimated  that  only  about  one-third  was  secured ;  yet  they  numbered 
9158,  the  great  majority  being  whitings. 

With  the  exception  stated,  the  hauls  with  the  small -meshed  net  were 
much  shorter,  varying  from  45  minutes  to  90  minutes — usually  the 
latter;  and  in  ten  hauls,  comprising  altogether  a  period  of  15  hours, 
38,243  fishes  were  taken,  of  which  32,337  had  escaped  through  the 
meshes  of  the  ordinary  otter- trawl  and  were  caught  in  the  small-meshed 
net,  the  other  5906,  or  about  1 9  per  cent.,  being  caught  in  the  trawl 
itself.  It  is  therefore  evident  that  in  the  ordinary  trawling  operations 
enormous  numbers  of  immature  fishes  must  enter,  and  escape  from,  the 
otter-trawl.  Fifteen  hours  represent  three,  or  rather  more  than  three, 
ordinary  drags.  With  very  few  exceptions  these  small  fishes  were 
lively  and  vigorous  when  brought  on  board ;  the  small  whitings  and  even 
the  young  herrings,  which  most  readily  suffer  injury  and  succumb,  were 


of  the  lishery  Boa/rd  for  Scotland, 


63 


in  this  condition,  jumping  from  the  baskets  in  which  they  were  placed ; 
the  young  flat-fishes  were  always  living.  In  the  3 J  hours'  drag  above 
referred  to,  when  the  net  burst,  the  water  for  some  distance  from 
the  side  of  the  vessel  was  whitened  with  the  multitude  of  young  fishes 
which  were  swimming  about;  but,  in  this  case,  some  of  them  were 
obviously  injured  from  the  length  of  the  di^.  Instead,  therefore,  of 
the  meshes  of  the  trawl-net  being  brought  together  by  the  traction 
when  fishing,  they  appear  to  be  kept  wide  open ;  and  the  fishes  which 
enter  the  net,  if  small  enough  to  escape,  pass  through  them  uninjured. 
The  particulars  of  the  experiments  with  the  ordinary  cod-end  are 
indicated  in  the  following  Table,  the  ^ize  of  the  fishes  being  given  in 
inches : — 


Fish. 

I,— Caught  in  Trawl.Net. 
if"  Cod-end. 

II.— Passed  through  meshes 
of  Trawl- Net  and  caught 
in  Small-meshed  Net  out- 
side. 

Number. 

Tiargest.  Smallest 

Number. 

Largest. 

Smallest 

Ckxi,      .... 

49 

27 

61 

845 

8.', 

21 

Ung,     .... 

1 

30a 

1            ... 

1 

•  ■  ■ 

•   •  • 

•  •  • 

Hake,    .... 

28 

40| 

14J 

... 

•  •  • 

•  •  • 

Haddock, 

1,790 

26 

OA 

623 

9i 

8i 

Whiting, 

681 

202 

H 

16,278 

111 

^ 

Hulibut, 

2 

2^ 

14 

•  •  • 

•  •  • 

•  •  • 

BrUl,     .... 

8 

m 

12 

•  •  • 

■  •  • 

•  •  • 

Plaice,  .... 

1,277 

26j 

m 

5 

4« 

2i 

Lemon  Dab,  - 

32 

16 

61 

84 

8J 

*i 

Common  Dab, 

1,658 

16f 

*h 

8,699 

9 

^ 

Flounder, 

14 

llj 

9i 

•  •  • 

•  •  • 

•  •  • 

Long  Rough  Dab, 

164 

8i 

H 

1,766 

»i 

li 

Witch, 

7 

15f 

H 

•  •  • 

•  •  • 

•  •  • 

Sail-fluke,      - 

82 

201 

5i 

1 

7i 

•  ■ « 

Gurnard, 

206 

16i 

6* 

123 

»i 

2i 

Dragonet, 

4 

94 

6i 

22 

8A 

H 

Argentine,     - 

1 

7i 

... 

62 

8A 

31 

Norway  Haddock, 

2 

7i 

6 

6 

6J 

3A 

Pogge,  .... 

1 

5} 

... 

84 

54 

n 

Herring, 

13 

H 

5i 

8,230 

84 

2A 

Starry  Ray,  - 

29 

12 

lOJ 

... 

•  ■  • 

•  •  • 

Grey  Skate,  - 

2 

20i 

16^ 

... 

... 

•  •  • 

Thomback,   • 

8 

22 

12 

... 

•  •  • 

•  •  • 

Picked  Dog,  - 

8 

314 

25 

•  ■  • 

•  •  • 

•  K  • 

Angler, .... 

4 

m 

H 

•  •  • 

•  •  • 

•  •  • 

Norway  Pout, 

... 

... 

7,027 

7A 

u 

Solenette, 

... 

4 

4J 

H 

Sprat,    .... 

1 

... 

■  •  • 

« •  • 

286 

61 

n 

6,906 

•  •  • 

•  «  ■ 

^   «i,«W 

\- 
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The  species  of  fishes  which  escaped  in  this  way  varied  according  to  the 
grounds  worked  over.  In  the  inshore  waters,  and  especially  in  Aberdeen 
Bay,  the  great  majority  were  whitings.  They  numbered  16,273  of  the 
total  above  mentioned,  und  they  ranged  in  size  from  an  extreme  of  \\\ 
inciies  to  2^  inches,  most  of  them  being  under  6  inches  in  length.  The 
number  of  whitings  caught  in  the  otter-trawl  in  the  ten  iiauls  referred 
to  was  681 .  The  next  most  abundant  was  the  common  dab,  of  which 
3599,  ranging  from  9  inches  to  1  j  inches,  passed  through  the  meshes  of 
the  trawl  net,  while  1558  were  retained  in  it.  The  number  of  young 
herrings,  ranging  from  8||  inches  to  2^^  inches,  which  escaped  from  the 
trawl  was  ahio  considerable,  viz.,  3230,  while  only  1 3  were  found  in  the 
trawl  itself;  and  all  the  sprats  caught — 285 — were  taken  from  the 
fine-meshed  net.  Of  394  cod  which  were  got,  345,  measuring  from 
8 1^  inches  to  2f  inches,  passed  through  the  meshes  of  the  ott-er-trawl. 
The  proportion  of  young  haddocks  taken  in  this  way  was  much  less,  no 
doubt  because  they  do  not  frequent  the  bottom  in  large  numbers ;  the 
number  caught  in  the  trawl  was  1790,  and  the  number  which  escaped 
from  it  was  523. 

On  the  ofishore  grounds  the  only  fishes  which  escaped  in  numbers 
thi-ough  the  meshes  of  the  otter- trawl  were  the  Norway  pout  and  the 
long  rough  dab.  The  number  of  the  former  was  7027,  and  not  a  single 
specimen  of  it  was  got  in  the  trawl.  As  with  the  common  dab,  but  to 
a  greater  degree,  most  of  the  long  rough  dabs  which  enter  the  trawl-net 
escape  from  it.  Of  a  total  of  1929  which  were  caught,  1765,  or  over  91 
per  cent.,  made  their  way  out  again  through  the  meshes.  It  is  very 
dififerent  with  plaice,  only  5  of  a  total  of  1282,  or  about  0*4  per  cent., 
escaping  in  this  way,  the  largest  of  these  being  4|  inches  in  length.  Of 
329  grey  gurnards  taken  in  these  experiment^  hauls,  206  were  retained 
in  the  trawl,  while  123,  or  37  per  cent.,  escaped,  the  largest  being  9^ 
inches. 

The  suggestion  has  been  sometimes  made  that  the  enlargement  of  the 
mesh  of  the  trawl-net  would  be  an  advantage  by  allowing  immature  fish 
to  escape  in  larger  numbers  than  they  can  in  the  ordinary  net  with 
l||-inch  meshes.  Experiments  were  accordingly  made  with  cod-ends  of 
a  larger  mesh — namely  2  inches  and  2|  inches.  I  append  a  Table  of 
the  i-esults  of  three  hauls  with  a  cod-end  having  2 -inch  meshes : — 
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Fish. 

L— Caught  in  Trawl-Net. 
•2"  Cod-end. 

II. — Passed  through  meshes 
of  Trawl-Net  and  caught 
in  Small-meshed  Net  out- 
side. 

Number. 

Largest. 

1 

Smallest 

lit 

Number. 

Ijargest. 

Smallest 

Cod,      .... 

19 

444 

315 

12J 

84 

Hake,    .... 

1 

33J 

... 

•  •  ■ 

... 

a   •  • 

Haddock, 

778 

24i 

9| 

1,043 

124 

6 

Whiting,       - 

46 

124 

74 

18,010 

12J 

n 

Brill,     .... 

4 

l»i 

164 

... 

... 

Plaice,  .... 

783 

264 

6i 

96 

8A 

3 

Lemon  Dab, 

11 

15S 

9A 

13 

Of 

34 

Common  Dab, 

603 

17 

6| 

4,987 

9« 

21 

Long  Rough  Dab, 

3 

9| 

m 

4 

8i 

64 

Gurnard, 

9 

m 

8» 

50 

llA 

3 

Starry  Ray,  - 

4 

lis 

64 

... 

... 

Thomback,    - 

5 

13| 

9* 

... 

... 

Angler, 

8 

23 

134 

1 

S 

■   •  • 

Drngonet, 

•  •  • 

... 

4 

8i 

6H 

Solenette, 

... 

14 

H 

24 

Pogge,  .... 

... 

... 

... 

37 

6A 

2 

Herring, 

... 

>  ■  • 

... 

4,772 

8* 

24 

2,274 

•  •  • 

29,346 

... 

... 

The  total  number  of  fish  taken  was  31,620,  of  which  29,346  passed 
through  the  meshes  of  the  cod-end,  while  2274,  or  a  little  over  7  per 
cent.,  were  caught  in  it.  Here  again  the  great  majority  were 
whitings,  and  it  is  noteworthy  that  only  46  of  a  total  of  18,056  were 
retained  in  the  trawl.  The  majority  of  the  haddocks  also  escaped — viz., 
57  per  cent. — and  some  of  them  were  over  12  inches  in  length.  Of  334 
cod  which  entered  the  net  in  these  drags,  19  were  caught  in  the  trawl, 
and  315,  or  94  per  cent.,  made  their  way  out  of  it,  some  of  them  being 
12 1  inches  long.  The  number  of  common  dabs  taken  was  5590,  of  which 
49o7,  or  89  per  cent.,  passed  through  the  meshes  of  the  cod  end.  The 
proportion  of  plaice  which  escaped  in  this  way  was  not  nearly  so  great, 
although  much  higher  than  with  the  ordinary  cod-end  of  IJ-inch  mesh. 
The  total  number  caught  was  879,  and  of  these  783  were  ret&ined  in  the 
trawl,  while  96,  or  almost  11  per  cent.,  escaped  from  it;  some  of  them 
were  nearly  8|  inches  in  length.  All  the  herrings  caught — 4772  in 
number — passed  through  the  meshes  of  the  trawl ;  the  largest  herring 
was  8i  inches  long. 

Other  hauls  were  made  with  a  cod-end  having  2|-inch  meshes ;  and 
of  9355  fishes  caught,  only  282  were  retained  in  the  trawl,  the  other 
9073,  or  97  per  cent,  of  the  total,  passing  through  the  meshes.  Only  1 
of  the  8551  whitings  which  entered  the  net  was  retained  by  it,  and  it 
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was  of  a  size  which  might  easily  have  escaped.  The  majority  of  the 
haddocks  also  escaped,  and  some  of  them  were  over  1 8  inches  in  length 
and  weighed  nearly  2  lbs.  The  number  of  plaice  taken  was  242,  of 
which  54,  or  22  per  cent.,  escaped;  some  of  them  were  nearly  10  inches 
in  length  and  weighed  about  6  ozs.  The  eight  largest  measured  as' 
follows,  in  inches:— 9I-,  9|,  9|,  9 J,  9 J,  9^,  9},  9^^. 


Fish. 

I.-Caugl 
2^ 

it  in  Trawl-Net. 
Cod>end. 

XL— Passed  through  meshes 
of  Trawl-Net  and  caught 
in  Small-meshed  Net  oat- 
side. 

Number. 

Largest. 

Smallest 

! 

Number.  '  Turgest. 

SmaUart 

Cod,      .... 

36 

40i 

21 

18 

m 

H 

Haddock, 

28    ' 

1 

24j 

15 

89 

18J 

"A 

Whiting, 

1 

lOi 

•  •  • 

8,550 

"i 

n 

Plaice,  ...       - 

]88 

26 

n 

54 

91 

6| 

Lemon  Dab,  - 

5 

14J 

m 

4 

«A 

3| 

Common  Dab, 

2 

111 

log 

326 

9* 

1« 

Long  Rough  Dab, 

•  •  • 

•  •  ■ 

• » « 

1 

«4 

•  •  • 

Gurnard, 

2 

^6A 

"» 

7 

8i 

3i 

Starry  Ray,  - 

19 

12| 

6i 

■  •  • 

•  •  • 

•  ■  • 

Thornback,    - 

5 

16! 

»» 

•  •  • 

•  •  • 

•  •  ■ 

Angler, 

1 

14 

•  •  • 

•  •  • 

«  •  • 

... 

Solenette, 

•  •  • 

•   •  • 

•  •  • 

8 

Si 

3J 

Pogge,  .... 

•  •  • 

•  •  • 

•   •  • 

4 

*i 

2A 

Herring, 

•  •  > 

•   ■  ■ 

•  •  • 

16 

9i 

m 

Norway  Pout, 

•  •  • 

... 

... 

51 

*\ 

3i 

282 

•   •  • 

•  •  • 

9,073 

ft  •  • 

•  •  • 

These  experiments  show  that  it  would  he  impracticable,  in  the  ordinaiy 
mixed  fishing  as  piuctised  by  trawlers,  to  eidarge  the  mesh  of  the  net 
to  any  extent.  A  comparatively  slight  enlargement  would  allow  very 
considerable  numbers  of  eminently  marketable  round-fishes — such  as 
haddock,  cod.  and  whiting — to  escape,  and  fishing  of  this  kind  with  a 
mesh  of  2 1  inches  would  be  unprofitable.  It  would,  however,  be 
feasible  to  have  an  enlarged  mesh — ^and  one  even  larger  than  2^  inches 
— for  the  capture  of  plaice;  and,  supposing  it  were  otherwise  desirable, 
there  is  little  doubt  that  trawlers  would  be  quite  willing  to  make  use  of 
a  net  of  this  description  if  they  were  allowed  to  fish  inshore,  because 
the  quantity  of  plaice  above  10  or  12  inches  in  length  they  would  catch 
would  make  the  fishing  profitable. 

Appended  are  the  Tables  giving  the  details  of  each  haul. 
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II [.—ON  THE  LARVAL  STAGES  OF  DECAPOD  CRUSTACEA— 
THE  SHRIMP  (CRA.VGON  VULGARIS,  FABR.).  Uy 
H.  Chas.  Williamson,  M.A.,  B.Sc.,  Marine  Laboratory,  Bay  of 
Nigg,  Aberdeen.     (Plates  I.-VI.) 
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INTRODUCTION. 

The  larval  stages  of  the  Shrimp  have  been  more  or  less  fully  described  by 
Du  Cane,  Claus,  Sars,  and  Ehrenbaum.  Du  Cane*  figured  the  first  stage ; 
Sarst  describes  minutely  the  first  and  last  larval  stages;  Ehrenbaumt 
gives  a  detailed  description  of  the  five  larval  stages,  the  first  young  stage 
(VI.),  and  of  the  prelarvai  stage,  which  is  the  homologue  of  the  protozoea 
of  the  Brachyura.  The  last  author"^  arranged  all  the  shrimp  larvae 
captured  by  means  of  the  tow-net  into  a  series  of  five  stages.  He  admits 
(p,  64)  that  this  method  of  forming  the  series  does  not  preclude  the 
possibility  of  there  being  a  greater  number  of  moults  than  five  in  the 
larval  period. 

The  method  which  I  have  followed  is  that  of  forming  a  series,  the 
different  stages  of  which  are  all  connected  by  moults,  and  my  results  con- 
firm the  arrangement  of  Ehrenbaum.  The  larvaB  which  hatched  at  the 
Laboratory  developed  to  the  third  stage.  For  the  most  of  my  material  I 
was  indebted  to  tow-net  collections.  Some  of  these  were  made  by  the 
"  Qarland,''  and  it  is  noteworthy  of  the  hardiness  of  the  zoese  of  the 
shrimp,  and  also  of  certain  Brachyura,  that,  even  after  a  railway  journey  of 
eight  hours  in  glass  jars,  a  considerable  number  of  those  despatched  by 
Mr.  Pearcey  from  the  Moray  Firth  not  only  survived  but  moulted  in  the 
Laboratory. 

The  larvae  obtained  then  by  means  of  the  tow-net  were,  as  Ehrenbaum 
found,  in  five  stages,  and  that  these  are  the  only  stages  in  the  larval 

*  Du  Cane,  **  Metamorphosis  of  Crustacea.'*   AnTials  of  Natural  History ,  Vol.  2,  1839. 

t  Sam.  "Bidrag  til  Kundskaben  om  Decapodemes  Forvandlingerj*'  III.,  Crangonidse. 
Archiv  f.  Maihem,  og  Natmrv.  Christiania,  1890.  [For  the  translation  of  Sars'  paper  I 
am  indebted  to  the  courtesy  of  Mr.  H.  C.  Dannevig.] 

:^  EhrenUinm,  "  Zur  Naturgeschichte  von  Crangon  vulgaris,**  Berlin,  1890. 
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period  was  proved  by  the  fact  that  the  form  reeultiug  from  the  moult  of 
each  stage  was  identical  with  one  of  the  stages  captured  in  the  sea.  The 
individuals  of  each  stage  were  separated  from  the  other  stages,  and  kept 
until  they  moulted  or  died.  In  the  latter  case  new  supplies  were 
obtained,  until  all  the  stages  had  moulted.  The  larvsB  of  the  fifth  stage 
cast  readily  in  confinement  into  stage  VL,  and  there  was  no  difficulty  in 
obtaining  iu  this  way  a  considerable  number  of  forms  of  the  latter  stage. 
These  were  reared  to  the  ninth  stage,  i.e.  through  four  successive  moults. 
In  the  case  of  the  larvas  no  food  was  supplied  other  than  was  contained 
in  the  water  supply.  A  little  liver  of  the  crab  was  added  occasionally  to 
the  jars  in  which  the  sixth  and  later  stages  were  kept,  but  in  these  cases 
also  the  young  forms  probably  received  their  nourishment  from  the  water, 
which  was  kept  circulating.  A  running  supply  of  water  was  not  found 
necessary  in  all  cases  for  the  well-being  of  the  larvte.  Occasionally  the 
water  of  the  jars  containing  a  few  individuals  was  changed  only  once  a 
day,  but  for  this  no  fixed  rule  can  be  made.  It  is  necessary  to  find  out 
by  experiment  how  often  the  water  requires  to  be  changed,  or  if  a  con- 
stant circulation  is  needed. 

The  external  eggs  of  the  Shrimp  when  a  short  time  extruded  have  to 
the  naked  eye  a  whitish  appearance,  with  a  very  slight  pink  tinge.  They 
are  oval  in  shape,  and  do  not  vary  much  in  size.  The  measurements  in 
millimetres  of  six  eggs  were  as  follows : — '45  x  '36  ;  "4  x  -37  ;  '45  x  "4  ; 
•47  X  *37  ;  '4  x  -4 ;  4  x  -4.  As  development  of  the  embryo  proceeds,  the 
eggs  gradually  become  translucent,  and  the  pink  tinge  disappears. 
Immediately  before  hatching,  the  eggs  are  much  larger  than  in  the  early 
embryonic  stages.  Four  eggs  containing  fully  developed  embryos 
measured  -65  x  -47  ;  *85  x  -6  ;  '8  x  -6  ;  '45  x  -6. 

I  propose  in  the  following  pages  to  trace  the  development  of  each  of 
the  appendages  of  the  shrimp  through  the  first  seven  stages. 

The  first  larval  stage  (fig.  152),  descriptions  pf  which  are  given  by 
Sars  and  Ehrenbaum,  is  small,  transparent,  and  flecked  with  luminous 
yellow  pigment.  The  pigment  is  distributed  on  the  eye,  side  of  carapace, 
bases  of  the  appendages,  the  hind  dorsal  and  ventral  regions  of  the 
abdominal  segments,  and  on  the  telsou.  Associated  with  each  of  the 
patches  of  yellow^  there  is  some  brown  pigment.  The  yellow  pigment 
throughout  is  luminous,  and  by  reflected  light  glistens  with  silver  sheen. 

The  larva  is  not  straight,  but  is  bent  in  a  slight  curve ;  it  possesses 
nine  pairs  of  appendages  in  addition  to  the  telson — viz.,  (1)  the  eyes,  (2) 
autennules,  (3)  anteiinse,  (4;  mandibles,  (5  and  6)  two  pairs  of  maxillae, 
(7,  8,  and  9)  three  pairs  of  maxillipedes. 

The  Movements  of  the  Labva. 

The  movements  of  the  larva  are  remarkable,  as  was  noted  by  Du  Cane, 
and  later  by  Sars,  Ehrenbaum,  and  Weldon  ;*  they^rtake  of  a  gyrating 
motion.  The  larva  rotates  on  its  own  axis,  and  is  simultaneously 
travelling  in  a  spiral.  Occasionally  it  lies  on  its  back  and  swims  in  that 
position  head  first.  The  setose  exopodites  of  the  second  and  third 
maxillipedes  are  the  main  swimming  organs ;  the  part  played  by  the 
exopodite  of  the  first  maxillipede  appears  to  be  secondary.  The  sudden 
jerks  which  the  larva  sometimes  gives  are  made  by  means  of  the  telson. 
The  rotating  motion  Weldon  considers  to  be  due  to  the  absence  of  the 
long  rostral  and  dorsal  spines  which  are  found  in  Brachyurous  Zoeae. 

*  Weldon,     "The  Function  of  the  Spines  of  the  Crustacean  Zo&."    Journal  Afaritu 
Biological  Association.     N.B.,  Vol.  I.,  p.  169. 
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The  Moulttnq  of  the  Larva. 

Wheu  the  larva  casts,  the  carapace  is  raised  up  from  the  thorax  and 
the  abdomen  is  bent  forward  close  up  along  the  ventrum  of  the  cepbalo- 
thoraz.  In  this  position  the  abdomen  is  drawn  out  of  its  integument. 
The  newly  released  abdomen  is  similarly  pushed  forward  under  the 
cephalothorax,  and  the  spines  of  the  telson  entangle  themselves  in  the 
cephalic  or  thoracic  appendages.  The  abdomen  is  then  drawn  to  its 
normal  position  and  the  process  repeated.  This  movement  goes  on  until 
the  integuments  of  the  appendages  are  pushed  off.  The  telson  in  the 
larval  stages  is  not  a  swimming  organ;  it  functions  mainly  in 
enabling  t£e  larva  to  get  rid  of  its  integument  when  it  moults.  The 
serrated  spines  with  which  the  hind  border  of  the  telson  is  armed  (figs. 
4,  13,  7,  1,  3,  etc.)  materially  aid  its  aotion.  The  cast  int^;ament  is 
usually  in  one  piece,  the  sternum  of  the  thorax  remaining  attached  to  the 
sternum  of  the  first  abdominal  segment.  Occasionally,  however,  the  cast 
is  in  two  parts,  one  of  which  is  the  abdomen,  and  the  other  the  remainder 
of  the  moulted  skin  (c/.  Ehrenbaum,  pp.  H  and  IS), 

The  Larval  Stages  (Plates  V.,  Figs.  152,  157,  158,  167, 

and  VI.,  Fig.  170). 

The  recognition  of  the  larval  stages  of  the  shrimp  is  comparatively  easy. 
All  the  stages  have  the  characteristic  colouring,  though  varying  somewhat 
in  intensity,  and  the  following  structures  of  the  first  stage — viz.,  (a)  the 
sharp  slender  keeled  rostrum  ;  (6)  the  three  teeth  on  the  anterior  part 
of  the  lateral  border  of  the  carapace;  (c)  the  stout  posteriorly 
directed  spine  on  the  hind  border  of  the  third  abdominal  segment ;  (tV) 
the  two  long  lateral  tooth-like  p/ojections  of  the  hind  border  of  the  fifth 
abdominal  segment. 

It  will  not  be  necessaiy  to  give  here  more  than  a  few  characters  by 
which  the  different  stages  may  be  separated,  since  the  development  of 
each  appendage  is  treated  below  in  detail  (p.  96  et  seg.).  The  different 
stages  differ  in  size,  but  the  larvae  of  the  t>ame  stage  also  vary  consider- 
ably in  size. 

In  the  first  four  stages  the  telson  is  triangular  in  shape  (Plate  L), 
that  is,  its  hind  margin  is  much  greater  than  its  base  (i.e.,  its  line  of 
attachment  to  the  sixth  abdominal  segment).  In  the  fifth  stage  the  hind 
margin  is  very  little  greater  than  its  base,  and  the  telson  is  almost 
rectangular  in  shape  (fig.  3). 

The  first  and  second  stages  differ  from  the  remaining  three  in  that  in 
the  former  the  uropods  have  not  appeared  externally,  whereas  they  are 
present  in  the  latter. 

The  first  stage,  fig.  4  (length  1*84-1  22  mm.,  Ehrenbaum)  is  readily 
distinguished  from  th«  second  by  the  fact  that  there  are  14  serrated  spines 
on  the  hind  margin  of  the  telson,  while  in  the  second  (length  2*82  mm., 
Ehrenbaum)  (fig.  13)  and  remaining  stages  there  are  16  spines. 

In  stage  III.,  figs.  7  and  167  (length  3*4  mm.,  Ehrenbaum),  the  uropods 
are  present  for  the  first  time,  and  are  small.  The  pleopods  donotprqject 
as  buds ;  they  may  be  traced  inside  the  swellings  on  the  ventral  surface  of 
the  abdominal  segments.  The  pereiopods  are  small,  and  with  the  exception 
of  the  first,  which  consists  of  a  single-jointed  protopodite  and  single- 
jointed  exopodite  and  endopodite,  are  unsegmented,  fig.  137,  a  and  h. 
The  exopodite  of  the  first  bears  six  swimming  setae. 

Stage  IV.,  fig.  170  (length  3*84  mm.,  Ehrenbaum).  The  ^pods 
project  as  short  bud-like  processes  below  the  pleura.     The  pereiopods  are 
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large ;  the  endopodite  of  the  first  has  four  segments  (fig.  147);  the  third, 
fourth,  and  fifth  pereiopods  have  two  joints  (fig.  145). 

Stage  v.,  fig.  158  (length  4*5-4*7  mm.,  Ehrenbaum).  The  pereiopods 
are  all  seven-jointed  (fig.  149).  The  pleopods  are  long  spatulate,  two-jointed 
processee  (tig.  176). 

The  differences  between  the  larvse  are  represented  roughly  in  the 
following  scheme : — 

TriauguLir  TelsoD.  Telson  nearly  reotangolar  (16-apined). 


I  I  Pereiopods  7-jointed. 

Telson  14-8pined.  Telson  16-spined.  J 

I.  j Pleopods  large  2-jointed. 

Uropods  absent  Uropods  present 

A^         I 

Pleopods  ao  not  pro-  Pleopods  project  as 

ject  as  buds ;  Pereio-  little  1  -jointed  buds ; 

pods  still  short.  Pereiopods  large. 

III.  IV. 

Stage  VL,  fig.  160,  4*25-43 mm.  in  length  (Ehrenbaum).  In  this 
stage  the  young  shrimp  has  assnmed  the  characters  of  the  adult.  All  the 
appendages  are  present  and  functional;  they  are  not,  however,  fully 
developed.  The  fiagellum  of  the  antenna  has  only  17  to  21  joints.  The 
young  form  is  now  almost  straight,  in  place  of  being  bent  as  the  larva  is.  This 
stage,  which  corresponds  generally  to  the  megalops  stage  of  the  Brachyura, 
is  not  with  strict  accuracy  called  the  first  young  stage.  The  carapace 
now  ends  in  a  short  blunt  rostrum  (fig.  199) ;  it  has  a  keel,  on  either  side  of 
which  there  is  a  pair  of  short  hairs  (fig.  188).  At  the  outer  edge  of  the 
orbit  the  carapace  is  prolonged  into  a  strong  spine ;  the  inferior  border  of 
the  carapace  ends  anteriorly  in  a  similar  structure,  close  behind  which 
there  is  a  little  tooth.  The  lateral  edge  of  the  carapace  is  furnished  with 
a  series  of  plumose  hairs  (fig.  199) ;  and  its  distal  portion  is  provided  with 
five  densely  plumose  setae.  They  all  arise  from  the  internal  surface 
of  the  carapace.  Three  plumose  hairs  are  situated  on  the  edge  of  the 
orbit,  and  over  the  dorsal  surface  of  the  rostrum  and  that  of  the  carapace 
little  hairs  are  scattered.  A  prominent  Fpine  is  present  in  the  middle 
line  some  little  distance  behind  the  base  of  the  rostrum.  In  this  stage  the 
lateral  dorsal  spine  (l.s.p.,  fig.  190),  which  is  present  in  stage  VIL, is  absent, 
though  in  certain  individuals  a  little  blunt  process  was  observed  in  that 
region.  The  sternal  spine,  which  is  a  process  of  the  sixth  thoracic  segment 
(that  bearing  the  third  pereiopod),  is  prominent  (s.p.,  figs.  187  and  192). 
On  the  sternum  of  the  last  two  thoracic  segments  there  are  four  plain 
hairs. 

The  abdominal  segments  are  furnished  with  short  hairs  on  their  dorsal 
regions,  and  with  long  plain  hairs  on  the  internal  edge  of  the  pleura.  On 
the  anterior  edge  of  the  tergum  of  the  first  segment  there  is  a  fringe  of 
plumose  hairs,  which  overlap  the  dorsal  intermediary  piece  x  which  fills 
the  space  between  the  posterior  edge  of  the  carapace  and  the  anterior  edge 
of  the  first  abdominal  segment,  (figs  156  and  160).  The  pleuron  of  the 
second  segment  overlaps  the  first  and  third  segments.  The  anterior  edge 
of  the  tergum  of  each  segment  is  overlapped  by  the  segment  in  front  of  it. 
The  posterior  border  of  the  tergum  is  minutely  notched.  In  the  middle 
line  of  the  sternum  of  each  oi  the  first  five  segments  there  is  a  rounded 
knob  surmounted  by  a  hair  (fig.  192). 

Stage  YII.,  (fig.  180),  about  6mm.  in  length.  The  shrimp  of  this  stage 
is  much  larger  than  that  of  stage  VI.,  and  there  are  also  a  number  of 
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structural  differences.  The  lateral  dorsal  spine  of  the  carapace,  I,  up.  (figs. 
180,  189,  and  190),  has  appeared.  There  is  also  a  numher  of  small  teeth  on 
the  dorsal  surface,  near  the  base  of  the  median  spine,  and  at  other  points. 
There  are  two  plumose  hairs  on  the  keel  of  the  rostrum.  The  last  two 
thoracic  segments  are  adorned  symmetrically  on  each  side  of  their  ventral 
surfaces  with  a  number  of  plumose  hairs  (fig.  194).  Certain  of  these  are 
located  on  the  edge  of  slit-like  openings  in  the  joints  between  the  last  three 
segments.  Across  the  middle  of  the  last  three  thoracic  segments  there  is 
a  faintly -marked  broad  stripe  that  is  continued  anteriorly  into  the  sternal 
spine.  The  only  difference  noted  in  the  abdomen  is  an  increase  in  the 
number  of  minute  hairs  scattered  over  the  dorsal  surface  of  the  same  (fig. 
156).  The  knobs  on  the  sternal  regions  of  the  first  ^^^  abdominal  segments 
are  surmounted  by  two  hairs  (figs.  154  and  163) ;  the  fifth  showed  one 
only  in  the  preparation  examined  (fig.  155). 

Stage  VIII.  measured  about  7*5  mm. ;  stage  IX.  al>out  10*5  mm.  in 
length. 

Devblopmbnt  of  the  Appendages. 

The  development  of  each  appendage  will  be  traced  through  the  larval 
stages  and  the  first  two  young  stages.  They  will  be  taken  in  the  follow- 
ing order : — Antennule,  p.  96  ;  Antenna,  p.  97  ;  Mandible,  p.  100  ;  first 
Maxilla,  p.  100  ;  second  Maxilla,  p.  101  ;  first  Maxillipede,  p.  102  ;  second 
Maxillipede,  p.  103 ;  third  Maxillipede,  p.  104  ;  Telson,  p.  106  ; 
Pereiopods,  p.  108  ;  Pleopods,  p.  112;  Eyes,  p.  113;  Branchise,  p.  113. 

Antennule.     (Pl.  II.). 

I.  The  antennule  in  this  stage  (fig.  59)  consists  of  a  long  basal  joint 
bearing  at  its  distal  extremity  two  branches,  the  inner  of  which  is  a  long 
stout  seta,  plumose  for  the  most  of  its  length,  and  provided  at  its  tip  with 
a  few  teeth  set  in  two  rows.  The  outer  branch,  exopodite,  is  a  cylindrical 
basal  portion  bearing  three  sensory  tube-like  processes  and  a  long  hair. 
These  processes  are  in  connection  with  the  large  ganglion  (g)  situated  in 
the  basal  joint. 

II.  The  character  of  this  appendage  has  changed  considerably  (fig.  56): 
the  basal  portion  is  now  two-jointed,  and  of  the  two  the  proximal  is  the 
longer  joint.  The  exopodite  and  endopodite  are  now  separated  from  the 
basal  portion  by  septa,  that  of  the  endopodite  being  only  indistinctly 
marked ;  it  remains  indistinct  until  the  sixth  stage.  The  exopodite 
resembles  that  of  stage  I.,  but  the  endopodite  consists  of  a  strong  tapering 
process  ending  in  a  broad  tooth-like  termination.  From  the  base  of  this 
tooth  arise  two  teeth,  one  short  and  stout,  the  other  longer  and  slender. 
Arising  from  the  top  of  the  second  basal  joint  there  b  a  long  plumose 

.  seta,  equalling  in  length  the  endopodite,  and  between  the  exopodite  and 
endopodite  there  is  on  the  top  of  the  second  joint  a  group  of  plumose 
setse.  On  the  anterior  edge  of  the  first  basal  joint  there  are  four  feathered 
setae,  and  a  fifth  arises  a  short  distance  back  from  the  edge. 

III.  A  condition  similar  to  the  preceding  stage  is  found,  except  that  a 
hair  has  appeai*ed  on  the  exopodite  close  to  the  base  of  the  sensory 
processes  (fig.  62). 

lY.  In  this  stage  the  basal  joint  shows  a  little  further  development 
(fig.  60).  A  slight  notch  on  the  outer  side  of  the  first  basal  joint,  which 
was  traceable  in  stage  III.,  is  now  very  evident.  This  indicates  the  origin 
of  the  plate-like  expansion  which  is  fully  developed  in  stage  VI.  Four 
sensory  processes  are  now  present  on  the  exopodite. 

y.  The  number  of  sensory  processes  has  been  increased  to  six,  by  the 
addition   of  two  short  ones  which  arise  on  the  ventral  surface  of  the 
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exopodite,  some  little  way  behind  the  bases  of  the  original  processes  (figs. 
45  and  44).  A  group  of  plumose  setae  on  the  outer  edge  of  the  first  basal 
joint  indicates  the  position  of  a  septum  in  the  following  stage.  The  tip 
of  the  endopodite  is  furnished  with  three  teeth  in  addition  to  its  tooth- 
like termination  (fig.  65).  The  rudiment  of  the  basal  plate  has  increased 
in  size  (fig.  45). 

VI.  The  antennule  has  changed  very  materially  (fig.  63).  There  are 
now  three  basal  joints ;  the  proximal  is  the  longest,  and  bears  on  its 
outer  side  a  large  plate  roughly  rhomboidal  in  shape  and  terminating 
anteriorly  in  a  sharp  angle.  Along  the  outer  edge  of  the  latter  and  on  its 
dorsal  surface  there  is  a  row  of  10  plumose  setss.  The  first  basal  joint 
encloses  the  auditory  organ,  which  opens  on  the  dorsal  surface  by  an 
aperture  fringed  along  one  side  with  plumose  hairs,  9  ea,*  Inside  the 
cavity  of  the  ear  there  is  on  a  ridge  a  row  of  7  ca.  delicate- walled  setae. 
These  appeared  to  be  plumose,  but  the  feathering  was  not  satisfactorily 
made  out  On  the  ventral  surface  of  the  joint  there  is  a  large  strong 
tooth  (t),  A  group  of  8  plumose  hairs  on  the  outer  side  of  this  joints  in  the 
angle  between  it  and  the  plate,  is  prominent.  The  fringe  of  hairs  round 
one  side  of  the  opening  of  the  auditory  sac  is  continued  anteriorly  to  the 
distal  edge  of  the  joint  by  another  row  of  7  setae  which  begins  where  the 
former  leaves  off.  The  second  row  begins  with  a  small  seta,  and  the 
succeeding  hairs  increase  in  size  as  they  recede  from  the  first.  The 
anterior  edge  of  the  first  joint  is  furnished  with  a  number  (14ca.)  of  setae 
which  with  one  exception  are  plumose.  They  are  concentrated  on  the 
outer  side,  two  only  being  on  the  inner  edge.  On  the  second  joint  there 
is  a  similar  arrangement ;  of  the  10  setae  on  the  anterior  edge,  8  are  on 
the  outer  edge,  one  median  (in  the  sketch),  and  one  on  the  inner  edge. 
On  the  dorsal  surface  at  the  base  of  the  exopodite  there  is  a  group  of  4 
hairs,  while  between  the  exopodite  and  endopodite  there  is  the  group  of 
plumose  hairs  which  was  present  in  the  larval  stages.  On  the  third  basal 
joint  at  the  base  of  the  endopodite  there  are  two  setae.  The  endopo- 
dite is  now  two-jointed  and  bears  at  its  tip  a  group  of  hairs,  of  which  four 
at  least  are  plumose.  On  the  distal  edge  of  the  first  joint  of  this  branch 
there  are  four  hairs.  The  exopodite  consists  of  three  joints,  the  most 
distal  of  which  bears  four  sensory  processes,  while  the  upper  edge  of  the 
second  joint  gives  origin  to  two  other  processes  which  are  shorter  and 
more  slender  than  the  others.  There  are  two  short  hairs  at  the  base  of 
the  larger  processes,  and  three  hairs  on  the  edge  of  the  second  joint.  The 
large  ganglion  connected  with  the  sensory  processes  is  contained  in  the 
second  and  third  basal  joints  (g\ 

VII.  (fig.  54).  Accompanying  an  increase  in  size  in  the  appendage  there 
is  in  this  stage  an  addition  to  the  number  of  joints  in  the  endopodite.  It 
now  consists  of  three  joints^  with  the  septum  of  a  fourth  indicated.  The 
exopodite  remains  three-jointed,  the  distal  bearing  four  sensory  processes, 
while  the  second  joint  now  bears  three  processes,  of  which  one,  short  and 
slender,  appears  for  the  first  time.  The  number  of  setae  all  over  has 
increased.  Thus  on  the  anterior  edge  of  the  first  joint  there  are  15,  of  the 
second  joint  12,  and  there  is  a  corresponding  increase  on  the  exopodite  and 
endopodite,  as  is  shewn  in  the  figure.  On  the  dorsal  surface  of  the  second 
basal  joint  a  small  tooth  has  appeared,  and  associated  with  it  there  is  a 
short  hair  {t). 

Antbnna  a.  (Pl.  II.). 

I.  (fig.  51).  The  antenna  of  this  stage  consists  of  a  single  basal  joint 
bearing  an  exopodite  and  an  endopodite.     The  exopodite  is  a  flattened 

*  For  a  detailed  description  of  the  ear  in  the  Shrimp  and  other  Decapod  Cnutiusea, 
cide  Heuson,  "  Studien  liber  das  Geh{>rorgan  der  Decapoden."  Zeitsehr,},  Wistetuch^ft. 
ZooloffUt  Bd.  13,  p.  319 ;  1863. 
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scale  bearing  a  fringe  of  plumose  setae.  On  the  anterior  extremity  there 
is  a  group  of  four  hairs,  one  a  short  plain  hair,  the  others  plumose.  Of  the 
latter  the  outer  is  the  shortest,  the  second  is  larger  than  the  firsts  and  the 
third  than  the  second.  The  inner  anterior  margin  bears  five  long  plumose 
setiB.  Behind  the  terminal  group  and  on  the  outer  edge  where  it  turns 
outwards  there  is  a  feathered  hair  («),  and  further  posteriorly  there  is  a 
short  plain  hair. 

The  endopodite  consists  of  a  thick  cylindrical  basal  part  which  tapers 
into  a  stout  bristle-like  distal  portion,  which  is  furnished  with  two  rows 
of  teeth.  It  reaches  in  length  to  the  level  of  the  anterior  edge  of  the 
scale.  Its  serrated  portion  is  longer  than  the  swollen  basal  portion.  At 
the  base  of  the  endopodite  the  anterior  edge  of  the  basal  joint  is  produced 
into  a  strong  tooth.  The  endopodite  lies  on  the  ventral  side  of  the 
ezopodite. 

IL  (fig.  58).  In  passing  from  the  preceding  into  the  second  stage  both 
the  exopodite  and  endopodite  undergo  change. 

A  large  terminal  tooth  has  developed  on  the  distal  end  of  the  outer  edge 
of  the  scale.  It  develops  in  the  rounded  projecting  part  which  beers  the 
short  plumose  hair,  a  fig.  51.  In  fig.  47  b,  which  shows  the  scale  of  jt  larva 
preparing  to  cast,  the  spine  can  be  seen  folded  upon  itself,  sp.  It  is 
shown  unfolded  and  fully  extended  in  fig.  47  a,  a  drawing  from  a  larva  which 
has  begun  to  moult.  All  the  terminal  hairs  present  in  the  first  stage  are 
reproduced  in  the  second,  fig.  47,  and  the  tooth  does  not  arise  in  place  of 
a  hair  as  Sars  suggests. 

In  stage  II.  there  are  five  terminal  hairs ;  of  these  the  two  next  the 
spine  are  very  small.  One  of  these  arises  from  the  base  of  the  tooth  and 
is  the  isolated  plumose  hair  of  the  first  stage.  There  is  an  extra  plumose 
seta  on  the  inner  side  of  the  scale,  which  makes  the  total  number  11. 

In  the  endopodite  the  proximal  cylindrical  portion  has  increased  in  size, 
while  the  terminal  serrated  part  has  shortened.  During  the  succeeding 
larval  stages  this  process  goes  on  steadily;  the  cylindrical  portion  gradually 
absorbs  the  serrated  part,  until,  in  the  last  larval  stage,  the  latter  is 
reduced  to  a  vanishing  point. 

III.  There  are  five  terminal  hairs,  three  of  which  are  plumose ;  the 
i^emaining  two  are  short  and  plain.  On  the  inner  edge  the  setae  are  seven 
in  number,  an  increase  of  one  on  stage  II.  The  scale  has  thus  a  total  of  12 
hairs. 

The  serrated  portion  of  the  endopodite  is  further  reduced ;  it  is  now 
only  about  one-fourth  of  the  total  length  of  the  branch.  The  two  (or  three) 
proximal  teeth  are  much  longer  than  the  others. 

The  protopodite  is  now  two-jointed. 

IV.  (fig.  64).  Of  the  five  terminal  hairs  of  the  scale  there  are  four 
feathered ;  and  there  are  now  nine  setie  on  the  inner  edge— a  total  of  14. 

The  endopodite  now  shows  the  beginning  of  a  separation  into  two  joints. 
The  serrated  portion  is  still  further  reduced,  and  bears  a  few  teeth 
arranged  in  two  rows  (fig.  61). 

V.  (fig.  50).  The  five  terminal  hairs  of  the  scale  are  now  all  feathered. 
There  are  12  lateral  setae,  giving  17  setae  to  the  scale. 

The  endopodite  is  now  two- join  ted.  All  that  remains  of  the  serrated 
portion  is  the  spinous  tip,  accompanied  by  three  slender  curved  hairs 
(fig.  48). 

VI.  (fig.  52).  The  changes  which  take  place  in  this  stage  are  consider- 
able and  important.  The  antennal  scale  has  an  increased  number  of  aetse, 
viz.,  18  in  all;  the  terminal  group  of  five  is  still  sharply  separated  from 
the  rest.  On  the  outer  edge  of  the  scale  there  are  several  short  plain 
hairs.    These  are  mainly  on  the  dorsal  surface. 
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The  character  of  the  endopodite  has  comipleiel|r  changed.  It  now  con- 
sists of  a  two-jointed  base  and  a  flagellum.  The  former  corresponds  to  the 
first  joint  and  the  latter  to  the  second  joint  of  the  endopodite  of  stage  Y. 
Of  the  basal  portion  the  first  joint  (lb)  is  small;  the  second  (2b)  is  long  and 
broad.  Both  are  provided  with  setae.  On  the  inner  side  of  the  distal  edge  of 
the  second  joint  there  is  a  characteristic  group  of  two  short  feathered  sete 
and  two  long  plain  hairs.  The  number  of  joints  in  the  flagellnm  varies  in 
different  individuals,  and  may  vary  in  the  two  antennae  of  the  one 
specimen;  they  usually  number  17  or  20  (21).  Fig.  52  shows  an 
antennal  whip  of  17  joints.  Fig.  46  is  a  drawing  of  one  having  20 
joints.  The  first  joint  is  small,  and  without  hairs ;  the  second  is  long, 
slightly  tapering,  and  bears  at  its  distal  end  a  group  of  hairs.  In  the  case 
of  the  17 -jointed  whip  the  group  consists  of  four  hairs,  two  of  which  are 
on  the  anterior  edge,  and  one  each  on  the  dorsal  and  ventral  surfaces.  At 
a  little  distance  short  of  the  end  of  the  joint  there  is  a  pair  of  hairs  on  the 
anterior  susface.  In  the  20-jointed  whip,  the  second  joint  bears  only  three 
hairs,  two  of  which  are  anterior,  and  the  third  dorsal.  The  flagellum 
tapers  gradually.  The  tip  of  the  last  joint  is  furnished  with  six  hairs, 
four  of  whicli  are  on  the  anterior  surface,  while  the  remaining  two  are  on 
the  dorsal  and  ventral  surfaces  respectively  (fig.  57).  The  last  joint  but 
one  has  only  two  hairs,  and  these  are  anterior.  In  the  flagellum,  then,  there 
is  a  double  series  of  joints,  in  one  of  which  each  joint  bears  six  terminal 
hairs,  while  in  the  other  each  joint  boars  two  hairs,  lliese  joints  are  arranged 
alternately  in  the  greater  part  of  the  whip;  this  arrangement  is  not, 
however,  followed  in  its  proximal  part.  One  or  two  joints  are  not  pro- 
vided with  hairs,  e.g.,  the  third  joint  in  the  17- jointed  flagellum,  and  the 
3rd  and  7th  in  the  20-jointed  example.  In  the  latter  the  5th  joint  has 
two  anterior  hairs,  and  one  each  dorsal  and  ventral  The  hairs  are  not 
all  alike :  in  each  group  of  four  or  two,  on  the  anterior  surface,  one  of 
the  hairs  is  usually  of  a  structure  similar  to  the  sensory  hairs  present 
on  the  first  antenna  of  a  Copepod.  It  does  not  taper  to  a  point  as  an 
ordinary  hair,  but  remains  of  one  breadth  throughout  its  length  (ae.  ^g, 
57).     These  sensory  hairs  have  been  called  sssthetascs  by  Giesbrecht.* 

On  the  17-jointed  whip  the  numbers  of  hairs  on  the  different  joints  were 
as  follows : — 1st  joint,  0  ;  2nd,  2  at  about  a  fourth  of  its  length  from  the 
end,  and  2  +  2  at  its  distal  edge ;  3rd,  0  ;  4th,  4  +  2  ;  5th,  4  +  2 ;  6th,  2; 
7th  4+2  ;  and  so  on  alternately,  2  and  4+2.  The  20-jointed  whip  had 
the  following  arrangement  of  hairs: — 1st  joint,  0;  2nd,  2  +  1;  3rd,  0; 
4th,  4  +  2;  5th,  2  +  2;  6th,  4  +  2;  7th,  0 ;  8th,  4  +  2;  9th,  2;  10th, 
4  +  2;  and  so  on  2  and  4  +  2,  alternately. 

The  coxopodite  has  a  round  disc-like  projection  on  its  inner  side. 

YII.  (figs.  49  and  53).  The  basipodite  bears  five  long  plamose 
setse. 

The  antennal  scale  has  25  setn.  On  the  outer  edge  there  is  a  row  of 
teeth  and  small  hairs. 

The  flagellum  in  the  specimen  of  this  stage  had  28  joints.  The  draw- 
ing represents  the  right  antenna.  In  the  left  antenna  the  little  hair  on 
the  dorsal  surface  of  the  second  joint  was  absent,  while  there  was  an  extra 
hair  at  the  depression  on  the  anterior  surface ;  and  at  the  distal  end  of  the 
same  joint  there  were  four  anterior  hairs,  llie  general  alternating  of  the 
two  series  of  joints  noticed  in  the  preceding  stage  is  present  here  also. 
The  number  of  hairs  on  the  joints  of  the  flagellum  were  as  follows : — 1st 
joint,  0 ;  2nd  (about  the  middle,  2  +  1 ;  at  distal  end,  3+2);  3rd,  1 ;  4th, 
4  +  2;  5th,  2  +  2;  6th,  4  +  2  ;  7th,  2  ;  8th,  4  +  2;  9th,  2 ;  10th,  4  +  2; 
nth,  2;  12th,  4  +  2  ;  and  bo  on  alternately,  2  and  4  +  2. 

*  Gieebrecht,  "  Pelagiscbea  Copepoden  det  Golfes  ron  Neapel."    Berlin,  1892. 
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Mandiblb  (mn.,  Plate  II.). 

I.  Tlie  mandible  in  the  first  stage  (fig.  40)  has  an  outer  catting  and  an 
inner  gnawing  portion.  In  the  cutting  portion  the  teeth  are  provided 
with  a  few  serrations.  One  large  carved  tooth  is  serrated  along  one  side. 
On  the  inner  side  of  the  chewing  portion  of  the  mandible  there  is 
a  fascicle  of  4  or  5  stiff  bristles  present  in  this  stage  only. 

IL-V.,  figs.  33,  38,  39,  41.  The  general  character  of  the  mandible 
remains  the  same  during  the  larval  stages,  except  that  the  intermediate 
teeth  show  long,  sharp,  and  irregularly  disposed  serrations.  As  Sars  pointed 
out,  the  two  mandibles  are  not  always  exactly  similar,  cf,  fig.  41. 

YI.,  fig.  37.  In  this  stage  the  mandible  has  four  rounded  processes 
furnished  at  their  bases  with  little  teeth. 

VII.,  fig.  34.  The  teeth  have  increased  in  number,  although  the 
general  arrangement  is  the  same  as  in  the  preceding  stage. 

First  Maxilla  (1  m.,  Plate  III ) 

I.  (fig.  68).  The  first  maxilla  is  composed  of  two  main  parts.  The 
upper  is  the  palp  (endopodite)  ;  the  bilobed  lower  portion  (prutopodite) 
is  the  chewing  organ  (Sars).  The  palp  bears  five  bristles,  which  are  fur- 
nished with  a  few  long  teeth.  The  tips  of  certain  of  the  bristles  would 
appear  to  be  minutely  serrated,  but  this  was  not  always  made  out  in  this 
stage. 

The  upper  masticatory  lobe  bears  three  dentate  blades,  and  above  and 
below  these  there  is  a  deeply  seirated  spine  ;  the  lower  lobe  is  furnished 
with  five  deeply  serrated  spines.  On  the  upper  edge  of  the  latter  lobe 
there  is  a  short  stout  hair  bearing  a  few  cilia  (fig.  79).  On  the  lower  edge 
of  the  upper  lobe  there  is  a  small  group  of  cilia. 

II.-V.  (figs.  76,  75,  77,  74).  A  little  hair  is  added  at  the  base  of  the 
inferior  bristle  of  the  palp  in  stage  II.  The  three  long  bristles  are  in 
stage  III.  serrated  on  both  sides  at  their  tips ;  and  in  stage  Y.  the  two 
short  bristles  are  similarly  adorned. 

The  number  of  dentate  blades  on  the  upper  masticatory  lobe  is  increased 
to  5,  and  they  are  accompanied  by  three  deeply  serrated  spines. 

In  the  lower  lobe  the  general  arrangement  of  the  spines  appears  to  be 
that  shown  more  definitely  in  fig.  74  (stage  V.).  On  the  upper  edge  there 
is  the  bristle  mentioned  as  present  in  stage  I.,  and  a  plain  hair;  next  come 
two  deeply  serrated  spines,  followed  by  three  bristles  serrated  on  both 
sides.     At  the  inferior  corner  there  is  a  plain  hair. 

In  stages  III.  and  lY.  (figs.  75  and  77)  the  cilia  on  the  lower  side  of 
the  upper  lobe  were  noticed  (c). 

YI.  (tig.  82).  While  the  general  structure  of  the  first  maxilla  remains 
unaltered,  the  armature  has  undergone  some  change.  Thus  the  palp  has 
now  only  a  simple  spike-like  bristle  situated  on  its  inner  edge. 

The  upper  masticatory  lobe  is  furnished  with  six  serrated  blades  and 
three  bristles. 

The  inferior  lobe  is  provided  with  three  plain  spines. 

YII.  (fig.  69).     In  this  stage  the  armature  has  further  developed. 

The  palp  now  possesses,  in  addition  to  the  spike,  a  plumose  seta  which 
is  attached  to  the  posterior  surface. 

The  upper  masticatory  lobe  has,  in  addition  to  the  six  dentate  blades, 
a  number  of  serrated  bristles.  These  are  for  the  most  part  serrated  od 
one  side  only.  Certain  of  them  are,  however,  ciliated  on  the  other  side. 
The  newly  developed  bristles  are  situated  on  the  upper  edge  principally. 

The  lower  lobe  has  now  four  plain  spines. 
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Sbconb  Maxilla  (2  m.,  Plate  III.). 

I.  (fig.  80).  Sars  gives  the  following  descriptiou  of  the  second  maxilla 
of  the  first  stage.  "  The  second  pair  of  maxillae  is  more  complicated  than 
the  same  appendage  in  the  adult,  and  is  provided  with  a  great  number  of 
ciliated  bristles.  It  consists  of  two  principal  parts,  the  endognath  and  the 
exognath  [scaphognathite]  ;  they  unite  in  a  common  base.  In  the  first 
maxilla  there  is  no  part  corresponding  to  the  exognath.  In  the  case  of 
the  endognath,  its  four  lower  lobes  correspond  to  the  two  masticatory 
lobes  of  the  first  maxilla ;  that  is  to  say,  each  lobe  of  the  latter  has  been 
in  the  second  maxilla  divided  into  two — the  upper  uniformly,  the  lower 
unequally.  The  four  small  upper  lobes  along  with  the  terminal  position 
represent  the  palp  (endepodite)." 

The  exognath  is  an  oval  plate  bearing  five  stout  densely  plumose 
setee.  Of  the  latter,  two  are  borne  on  the  distal  margin,  one  on  the  outer 
border,  and  two  at  the  hind  comer.  The  last  or  proximal  seta  is  directed 
backwards  in  each  stage. 

All  the  lobes  of  the  endognath  are  provided  with  one  or  more  bristles, 
and  these  are  distributed  in  a  very  definite  order.  The  terminal  portion 
of  the  endopodite  bears  two  bristles,  and  proceeding  downwards  the  suc- 
cessive lobes  carry  1,  2,  3,  4,  4,  4,  6  bristles  respectively.  In  the  later 
stages  the  bottom  lobe  bears  seven  bristles.  The  bristles  are  of  a  varied 
nature.  The  terminal  bristle  is  long  and  is  furnished  with  a  few  long 
cilia.  A  second  variety  of  bristle  bears  near  its  tip  a  fascicle  of  stout 
lanceolate  tooth -like  cilia,  while  its  proximal  part  is  adorned  with  a  few 
long  delicate  cilia.  Certain  of  the  spines  have  three  (in  later  stages  a 
greater  number)  very  long  lanceolate  cilia  on  one  side  only,  and  in 
addition  they  are  serrated  at  their  tips.  Others  are  deeply  serrated, 
and  on  the  bottom  lobes  there  are  plumose  bristles.  A  few  are  quite 
plain. 

The  bristle  formula  is  2:1:2:3:4:4:4:  6. 

On  each  side  of  the  angle  between  the  exognath  and  the  endognath 
there  is  a  group  of  cilia. 

II.-V.  (figs.  73,  66,  71,  81).  In  the  stages  II.-V.  no  change  except 
in  size  takes  place  in  the  endognath.  Most  of  the  bristles,  however, 
become  minutely  serrated  at  their  tips,  vide  stages  III.,  lY.,  and  Y.,  figs. 
66,  71,  81. 

The  setse  of  the  exognath  gradually  become  more  numerous.  The 
numbers  found  in  the  different  stages  were — I.,  5 ;  II.,  9 ;  III.,  10 ; 
lY.,  12  (13) ;  Y.,  20.  Ehrenbauiu  gives  I.,  5  ;  II.,  8  ;  III.,  12  ;  Y.,  19 
(in  sketch).  In  stage  lY.  the  maxilla  on  one  side  of  the  larva  had  1 2 
plumose  setae,  while  that  of  the  other  side  had  13.  In  the  drawing  of 
stage  III.  (fig.  73)  the  lowermost  seta  has  been  introduced,  although  it 
was  absent  in  the  preparation,  through  injury. 

In  stage  Y.  the  cilia  in  the  angle  between  the  exognath  and  endognath 
were  not  found. 

YI.  (fig.  70).  The  exognath  has  undergone  no  change  except  in  size 
and  in  the  acquisition  of  a  number  of  extra  setse,  of  which  it  has  now  30 

CO. 

The  endognath,  however,  is  altered  completely.  It  now  consists  oi  a 
helmet-shaped  endopodite  and  a  narrow  lobe  bearing  at  its  extremity  a 
single  smooth  hair. 

YII.  (fig  67).     The  exognath  has  now  38  ca.  plumose  setae. 

The  helmet-shaped  palp  shows  a  trace  of  segmentation  near  its  distal 
extremity.  On  its  outer  edge  there  are  two  short  plumose  hairs.  The 
lower  element  in  this  stage,  as  in  the  preceding,  bears  a  single  hair. 
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FiBUT  Maxillipedb  (1  mp.,  Plates  IH/atid  lY.). 

I.  (fig.  78).  The  tirst  maxillipede  consists  of  a  two-jointed  protopodite 
atid  an  ezopodite  and  an  endopodite.  Clans  and  Sars  draw  attention  to 
the  great  resemblance  between  the  endognath  of  the  first  maxillipede  and 
the  corresponding  part  of  the  second  maxilla. 

The  exopodite  is  much  longer  and  stronger  than  the  inner  branch,  and 
bears  at  its  tip  three  long  plumose  swimming  setie.  At  a  little  distance 
short  of  the  tip  there  is  another  seta.  This  branch,  according  to  Ehren- 
baum,  is  two-jointed,  but  that  I  have  not  found  to  be  the  case.  The 
exopodites  of  the  maxillipedes  are  the  swimming  organs  of  the  larva. 

The  endopodite  is  four-jointed,  according  to  Sars  and  Ehrenbanm. 
The  last  joint  bears  at  its  extremity  three  bristles,  of  which  two  have  a 
few  comparatively  large  serrations.  A  short  bristle  arises  a  little  behind 
the  tip  on  the  outer  edge,  and  on  the  inner  surface  of  the  third  joint  there 
is  a  long  bristle.  The  second  joint  bears  one  and  the  first  three  bristles. 
The  separation  between  the  third  and  fourth  joints  is  not  very  distinct 

The  basipodite  bears  eleven  bristles  in  all.  They  are  arranged  in  three 
groups  containing  three  bristles  each,  the  remaining  two  being  singly 
arranged.  The  coxopodite  has  four  bristles.  The  bristle  formula  for  the 
endopodite  is  3+1  :  1  :  1  :  3  :  3,  3,  3,  1,  1  :  4. 

The  bristles  of  the  endopodite  and  protopodite  resemble  those  on  tiie 
second  maxilla  (Ehrenbanm).  They  are  nearly  all  supplied  with  lanceo- 
late tooth-like  cilia,  and  usually  have  some  delicate  cilia  as  well.  Some 
of  the  bristles  do  not  taper  to  a  fine  point,  but  end  bluntly. 

If  a  comparison  is  instituted  between  the  second  maxilla  and  the  first 
maxillipede,  it  is  seen,  through  the  general  arrangement  and  grouping  of 
the  bristles,  that  the  lowest  lobe  of  the  former  corresponds  to  the  coxopo- 
dite, ahd  the  three  lobes  immediately  above  it  correspond  to  the 
basipodite  of  the  latter.  The  second  maxUla  and  the  three  maxillipedes 
form  a  closely  related  series  of  appendages. 

II.-Y.  (figs.  85,  86,  95,  100).  The  exopodite  in  the  second  stage  has 
four  terminal  and  one  proximal  seta.  This  number  it  letains  during  the 
remaining  larval  stages. 

The  number  of  bristles  on  the  endopodite  does  not  change. 

On  the  basipodite  there  are  in  stages  II.  and  III.  tMrteen  bristles^ 
the  two  upper  groups  having  been  increased  by  one  each.  In  stages  lY. 
(fig.  95)  and  V.  (fig.  100,  Plate  lY.)  a  total  of  U  bristles  was  found  on  the 
basipodite,  arranged  in  groups  of  4,  5,  3,  1,  1. 

On  the  coxopodite  in  stages  II.-Y.  five  setsB  were  found. 

In  stage  lY.  certain  of  the  lower  bristles  were  serrated  at  tip,  and  in 
stage  Y.  all,  with  but  one  or  two  exceptions,  were  so. 

YI.  (fig.  91).  The  bristles  disappear  in  this  stage,  the  appendage  under- 
going a  great  transformation. 

On  the  outer  side  of  the  protopodite  a  plate,  slipper-shaped  in  form, 
has  appeared  (epipodite). 

The  exopodite  is  geniculate,  bending  over  the  short  endopodite.  At  its 
tip  it  bears  four  short  plumose  hairs,  with  a  fifth  a  little  distance  behind 
them.  A  long  plumose  seta  arises  from  the  outer  edge  of  its  proximal 
half. 

The  endopodite,  which  is  one-jointed,  has  at  its  distal  extremity  two 
short  plumose  hairs ;  and  on  its  inner  surface,  a  little  in  front  of  the 
middle  of  its  length,  it  bears  a  very  long  and  thickly  plumose  teta. 

YII.  (fig.  98,  Plato  lY.).  In  this  stage  no  change  other  than  an  increase 
in  size  has  taken  place,  except  in  the  exopodite.  This  branch  has  t'eceived 
another  short  plumose  hair  and  a  plain  one. 
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Sbcond  Maxillipede  (2  mp.,  Plates  III.  and  IV.). 

I.  (fig.  88).  The  second  maxillipede  differs  considerably  from  the  first 
pair.  The  angle  between  the  exopodite  and  endopodite  is  large;  the 
endopodite  is  curved  inwards.     The  protopodite  is  two-jointed. 

The  exopodite  bears  three  terminal  swimming  setae,  and  two  others, 
one  on  each  side,  close  to  the  tip.  The  proximal  portion  is  broader  than 
the  distal. 

The  endopodite,  according  to  Sars  and  Ehrenbaum,  is  five-jointed.  In 
stages  lY.  and  V.  the  five  joints  are  very  apparent,  but  in  the  earlier 
stages  they  are  not  so ;  the  septum  between  the  first  and  second  joints  is 
sometimes  difficult  to  make  out.  The  endopodite  and  protopodite  are 
provided  with  bristles.  These  are  not,  however,  all  so  stout  as  those  on 
the  second  maxilla  and  first  maxillipede.  At  the  tip  of  the  last  segment 
of  the  endopodite  there  are  four  bristles,  three  of  which  are  furnished 
with  a  few  large  serrations.  They  recall  the  bristles  borne  in  the  same 
position  on  the  first  maxillipede.  On  the  outer  surface  of  the  same  joint 
there  is  a  plain  bristle.  The  upper  border  of  the  last  but  one  joint  bears 
two  sparsely  ciliated  bristles.  The  third  joint  is  devoid  of  bristles ;  the 
second  bears  one,  and  the  first,  three  sparsely  ciliated  bristles  on  their 
distal  borders. 

The  basipodite  has  four  bristles  similar  to  the'last  (in  later  stages  five 
were  found),  and  the  coxopodite  one  bristle. 

The  bristle  formula  of  the  endopodite  and  protopodite  is  4+1 :  2  :  0 : 
1 :  3:  2,  1,  1 :  1.  These  bristles,  wjth  the  exception  of  the  terminal 
group,  are  soft  and  have  filamentous  tips. 

The  exopodite  is  loosely  jointed  to  the  protopodite;  this  indicates  a 
greater  freedom  of  movement  of  the  swimming  branch  than  is  afforded  to 
the  same  part  in  the  first  maxillipede.  In  the  free-swimming  larva  the 
exopodites  of  the  second  and  third  maxillipedes  are  seen  to  project  out 
from  the  sides  of  the  body,  whereas  the  movements  of  the  exopodite  of 
the  first  pair  are  more  or  less  hidden  (Ehrenbaum).  In  preserved  speci- 
mens also,  while  the  former  project  at  right  angles  to  the  side,  the  latter  is 
directed  forwards  under  the  larva. 

n.  (fig.  93).  The  exopodite  gains  in  stage  II.  an  additional  terminal 
seta,  and  remains  during  the  rest  of  the  lurval  period  with  six  of  these 
organs. 

In  this  stage  certain  of  the  terminal  bristles  are  seen  to  be  minutely 
serrated  at  their  tips.  A  plumose  hair  has  appeared  on  the  outer  surface 
of  the  first  joint. 

The  endopodite  does  not  undergo  much  change  in  the  remaining  stages. 

III.  (fig.  92).  The  thiid-last  joint,  which  had  previously  been  devoid 
of  hairs,  now  bears  one  on  its  outer  surface. 

IV.  and  V.  (figs.  101  and  103,  Plate  IV.).  The  endopodite  is  distinctly 
five-jointed.  The  second  joint  now  resembles  the  first  and  third  in  having 
on  its  outer  distal  edge  a  plumose  hair  (stage  IV.,  fig.  101).  The  ciliated 
bristles  are  minutely  serrated  at  tip,  and  in  stage  V.  (fig.  103)  a  few 
minute  teeth  may  be  made  out  on  the  distal  portions  of  the  upper  two 
plumose  hairs.  The  bottom  hair  of  the  basipodite  did  not  appear  to  be 
serrated  at  its  tip. 

The  basipodite  was  found  to  possess  five  bristles  in^'stages  III.  and  V. 
The  drawing  of  stage  IV.  was  made  from  a  preparation  in  which  the 
protopodite  had  been  damaged. 

In  the  preparations  of  stages  II.  and  III.  two  bristles  were  found  in 
place  of  the  group  of  three  on  the  first  joint  of  the  endopodite,  stage  I. 

VL  (fig.  89).  The  appendage  in  this  stage  assumes  the  condition  in  the 
adult 
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The  ezopodite,  which  now  has  six  short  plumose  setae  in  place  of  the 
long  swimming  setsB  of  the  larva,  is  geniculate  in  form  and  bends  over 
the  endopodite. 

The  ondopod'.te  is  five-jointed  and  is  bent  in  on  itself.  Its  second  and 
third  joints  are  provided  with  a  long  and  a  short  plumose  hair  respectively. 
The  fourth  joint  is  the  longest  of  the  ^ve^  and  is,  moreover,  broad  and 
massive  in  appearance.  It  bears  a  row  of  eight  serrated  bristles  (fig.  94). 
Beginning  at  a  point  a  little  beyond  the  middle  of  the  joint  and  on  its 
anterior*  edge,  they  extend  on  the  ventral*  surface  alongside  the  base  of 
the  terminal  joint.  One  bristle  only  is  on  the  dorsal  surface.  The 
terminal  joint  is  elaborately  armed  (fig.  102,  Plate  IV.).  It  bears  three 
long  serrated  thorns,  three  smaller  dentate  thorns  (fig.  96),  and  four 
serrated   bristles. 

VII.  (fig.  87,  Plate  IIL).  The  exopodite  in  this  stage  has  two  more 
hairs,  one  plumose  on  the  proximal,  and  the  other  plain  on  the  distal 
portion.     The  terminal  setae  are  longer  in  proportion  than  in  stage  YL 

On  the  endopodite  the  spines  of  the  penultimate  joint  are  more 
numerous,  viz.,  12,  and  of  these  two  are  on  the  dorsal  surface,  the  ten  being 
ventral  (fig.  97,  Plate  IV.).  The  last  joint  (fig.  99)  has  now  four  large 
serrated  thorns  and  five  short  dentate  thorns  (fig.  96). 

There  is  an  epipodite  on  the  outer  side  of  .the  coxopodite. 

Third  Maxillipkdb  (3  mp.,  Plate  IV.). 

I.  (fig.  118).   The  third  maxillip^de  resembles  generally  the  second  pair. 
The  exopodite  has  three  terminal  and  two  lateral  swimming  setse. 

The  endopodit-e  is  five-jointed.  The  second  and  fourth  joints  are 
considerably  larger  than  the  others  (Sars),  The  fifth  or  terminal  joint  is 
very  small  and  bears  three  serrated  bristles.  The  serrations  on  the 
proximal  halves  of  the  bristles  are  large  and  few  in  number ;  on  the 
distal  halves  they  are  minute  and  closely  set.  On  the  outer  surface  of  the 
joint  thei'e  is  a  plain  hair.  The  fourth  joint  bears  on  its  distal  edse  two 
serrated  bristles.  The  bristles  on  other  parts  of  the  limb  are  slender. 
They  are  situated,  one  on  the  second  joint,  and  two  on  the  first  joint  of 
the  endopodite.  There  are  also  two  on  the  basipodite.  The  bristle 
formula  is  34-1:  2:  0:1:  2:  2:0. 

II.  (fig.  121).  The  exopodite  has  gained  its  full  complement  of  six 
swimming  setse.  A  hair  has  appeared  on  the  third  joint  of  the  endopodite. 

III.  (fig.  105).    In  this  stage  the  endopodite  bears  four  terminal  bristles. 

IV.  (fig.  111).  The  number  of  hairs  on  the  fourth  joint  has  been 
increased  by  one. 

V.  (fig.  110).  Most  of  the  bristles  are  seen  to  be  minutely  serrated 
at  tip ;  the  lower  bristles  are  also  sparsely  ciliated. 

VI.  (fig.  104).  In  this  stage  the  endopodite  has  increased  very  much 
in  size.  The  exopodite  is  a  small  branch  bearing  six  short  plumose  setse  ; 
it  is  geniculate  in  form. 

The  endopodite  consists  of  three  joints,  the  first  of  which  is  the  longest. 
It  is  firmly  attached  to  the  basipodite,  and  appears  indeed  to  be  fused  with 
it.  The  line  of  separation  Is  not  very  prominent.  The  endopodite  is 
divided  into  a  proximal  and  a  distal  part.  The  former  is  the  first  joint, 
the  latter  is  composed  of  the  second  and  third  joints.  These  two  parts  are 
separated  by  a  considerable  interval,  in  a  manner  similar  to  the  connection 
between  the  exopodite  and  the  basipodite  joint  in  the  larva.  This  will 
afford  to  the  distel  part  a  considerable  amount  of  free  play.  The  first  joint 
is  characterised  by  a  large  number  of  plumose  setae ;  the  second  and  third 
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joints  are  provided  with  a  number  of  dentate  thorns  and  with  bristles. 
On  the  outer  side  of  the  first  joint  there  is  a  row  of  five  plumose  setfis; 
and  starting  from  the  outer  distal  corner  a  second  row  of  nine  similar  hairs 
passes  across  the  ventral'*^  surface  of  the  top  of  the  joint,  and  is  continued 
down  the  innert  edge.  Accompanying  the  second  series  there  are  eight 
short  hairs,  two  at  least  of  which  are  plumose.  On  the  proximal  part  of 
the  inner  surface  there  is  a  group  of  four  hairs,  two  of  which  are  plumose 
and  one  serrated.  On  the  dorsal  surface,  near  the  distal  end  of  the  joint, 
there  are  three  long  blunt  teeth. 

On  the  distal  portion  of  the  endopodite,  viz.,  the  second  and  third  joints, 
groups  of  dentate  thorns  and  bristles  are  collected  at  definite  nodes.  The 
dentate  thorns  and  serrated  bristles  are  all  on  the  inner  surface ;  on  the 
outer  surface  there  are  sparsely  plumose  bristles.  On  the  second  joint, 
at  a  node  situated  a  little  beyond  the  middle,  there  are  two  dentate 
thorns  and  a  bristle,  and  on  the  outer  side  a  plumose  bristle.  Three^ 
dentate  thorns  and  one  serrated  bristle  on  the  inner  side  and  three 
sparsely  plumose  bristles  on  the  outer  side  adorn  the  next  node,  viz.,  the 
distal  end  of  the  joint  The  third  joint  has  a  conical  apex  and  shows 
three  well-marked  nodes,  at  the  first  of  which  there  are  two  thorns  on  the 
inner  and  one  bristle  on  the  outer  side.  At  the  next  node  a  tendency  is 
shown  to  form  a  whorl,  but  it  is  not  complete,  the  dentate  thorn  and  its 
three  bristles  being  separated  by  an  interval  from  the  group  of  four  outer 
bristles.  All  the  bristles  at  this  node  with  one  exception  are  sparsely 
plumose.  It  is  to  be  noted  that  the  dentate  thorns  vary  in  size,  and 
they  do  not  all  show  the  same  amount  of  surface ;  some  are  seen  in  front 
view,  while  others  are  set  edge  on.  At  the  third  node  there  is  round  the 
base  of  the  cone  a  complete  whorl  of  bristles  (13  ca,\  which  are  all 
sparsely  plumose  (fig.  123).  At  the  top  of  the  cone  there  is  a  little  whorl 
of  six  short  plumose  bristles  surrounding  a  little  apical  process. 

The  movable  distal  part  of  the  endopodites  of  both  sides  will 
probably  interact  on  one  another  by  means  of  their  thorn-armed  inner 
surfaces. 

The  basipodite  joint  bears  eight  bristlep,  certain  of  which  are  plumose, 
others  serrated. 

An  epipodite  is  present  on  the  coxopodite. 

YU.  (fig.  124).     The  thoruF  and  bristles  have  increased  in  number. 

The  exopodite  has  two  additional  plumose  set®  (figs.  124  and  106). 

The  separation  between  the  basipodite  and  the  first  joint  of  the 
endopodite  is  no  longer  distinct. 

A  considerable  increase  has  taken  place  in  the  number  of  plumose 
setffi  and  bristles  serrated  and  plain  on  the  first  joint.  In  fig.  116  the 
inner  surface  of  the  first  endopodite  joint  and  the  basipodite  is  shown ; 
and  in  figs.  115,  114,  113,  the  armature  of  the  second  and  third  joints 
may  be  seen.  The  general  arrangement  noted  in  the  sixth  stage  is  still 
followed.  There  has  been  an  increase  in  the  number  of  thorns ;  three 
more,  at  two  new  nodes,  have  appeared  on  the  second  joint.  At  the  other 
points  the  numbers  remain  the  same  as  in  the  preceding  stage.  The 
drawing  represents  the  maxillipede  of  the  right  side,  and  in  this  case 
there  are  four  thorns  at  the  top  of  the  second  joint,  as  in  the  appendage 
of  the  same  side  in  stage  YI:  The  bristles  (11  ea.)  accompanying  the 
topmost  thorn  now  form  a  complete  whorl.  Of  these  bristles  two  only 
are  serrated.  The  whorl  at  the  base  of  the  cone  consists  of  16  ca. 
bristles  (fig.  114).     None  of  these  are  serrated.     At  the  apex    there 

*  Am  the  limb  lies  in  the  Shrimp. 

t  That  is  next  the  third  maxillipede  of  the  other  side. 

X  On  the  third  maxillipede  of  the  left  side  there  were  four  thorns  at  this  point. 
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are  seven  serrated   bristles  (fig.  113).     A  Bmall   apical  process   is  still 
presient. 

Figs.  112,  109,  117,  119,  120  represent  varioas  hairs  and  thorns  on  the 
endopodite. 

Tklson  (T,  Plates  I.  and  II.). 

I.  (fig.  4).  The  telson  is  not  completely  divided  off  from  the  sixth 
abdominal  segment.  It  is  roughly  triangular  in  shape,  and  its  hind 
border  shows  four  distinct  lobes,  two  on  either  side  of  tlie  shallow 
median  cleft.  It  is  furnished  with  H  spines,  of  which  three  are 
attached  to  each  lobe;  the  remaining  two  are  situated  one  on  each. 
side  of  the  telson  near  the  outer  angle.  The  lateral  spines  are  the 
smallest,  and  the  two  inner  spines  belonging  to  the  outer  lobe  are  the 
longest.  The  spines  are  all  similar  in  structure  (fig.  5).  They  are 
strong,  tapering  to  falcate  tips,  and  are  furnished  with  cilia  and 
serrations,  the  rows  of  teeth  and  cilia  being  apparently  alternate.  The 
terminal  cilium  arising  from  the  base  of  the  falcate  portion  is  thicker 
and  more  prominent  than  the  others.  The  innermost  spine,  that  next 
the  median  cleft  would  appear  to  be  ciliated  on  the  inner  side  only. 

The  hind  border  of  the  telson  is  also  furnished  with  teeth  (fig.  16).  On 
the  dorsal  surface  at  the  base  of  each  spine,  with  the  exception  of  the  outer- 
most, there  is  a  group  of  triangular  teeth  (c/.  Ehrenbaum,  fig.  SO),  The 
number  of  teeth  to  each  spiue  varied  with  the  spines  and  also  with  the 
different  stages.  The  number  found  in  the  specimen  examined  has 
been  introduced  in  the  drawing  of  each  stage.  Between  the  bases  of  the 
spines  minute  teeth  were  seen  on  the  hind  border  or  on  its  ventral 
edge.  As  in  the  case  of  the  basal  teeth,  those  reproduced  in  the  draw- 
ing were  all  that  were  observed  in  the  preparation.  On  the  median  cleft, 
in  addition  to  the  teeth,  there  are  one  or  two  short  delicate  hairs,  and 
on  the  dorsal  surface  behind  there  is  a  row  of  small  teeth. 

The  rudiments  of  the  uropods  are  seen  at  the  proximal  portion  of  the 
telson  on  either  side  of  the  anus  (ur.,  fig.  4). 

Sars  and  Ehrenbaum  give  detailed  descriptions  of  the  telson  and  its 
spines. 

II.  (fig.  13).  The  telson  has  in  this  tstage  gained  two  spines,  making 
16  in  all  (Ehrenbaum).  They  have  developed  one  on  either  side  of  the 
median  cleft  (sp.,  &g  5).  This  figure  shows  a  telson  of  a  larva  of 
stage  I.  just  before  casting ;  the  telson  of  stage  II.  is  seen  within. 
In  stage  II.  the  telson  differs  little  from  that  of  stage  I.,  except  in  the 
possession  of  16  spines,  and  in  the  reduction  in  the  size  of  the  median 
cleft.  The  structure  of  the  spines,  their  armature,  and  ciliation  are 
exactly  similar. 

Fig.  8  shows  the  number  of  the  teeth  on  the  hind  edge  of  the  telson. 
The  separation  of  the  telson  from  the  sixth  abdomial  segment  has  now 
taken  place. 

The  rudiments  of  the  uropods  are  more  prominent  (ur.,  fig.  13). 

III.  (fig.  7).  The  telson  is  practically  identical,  except  in  size^  with 
that  of  the  preceding  stage. 

The  uropods  appear  externally  for  the  first  time  (Ehrenbaum).  The 
uropod  consists  of  a  basal  joint  and  an  outer  and  an  inner  branch ;  both  the 
latter  are  small,  the  inner  especially  so.  The  exopodite  terminates  on  its 
outer  border  in  a  single  strong  tooth ;  its  anterior  margin  is  furnished  with 
six  plumose  setsB.  Close  to  the  lateral  tooth  there  is  a  short  plain  hair, 
and  next  it  comes  the  first  plumose  seta,  which  is  very  small  On  the 
ventral  surface  of  the  outer  branch  there  are  four  feathered  hairs  (fig,  20). 
The  innei'  branch  is  furnished  with  five  marginal  plumose  sette ;  of  these, 
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three  are  terminal,  and  twu  on  its  inner  edge.  Of  the  three  terminal 
setaB,  the  outermost  is  very  small.  On  the  dorsal  surface  of  the  branch 
there  are  two  feathered  hairs.     The  uropods  are  shorter  than  the  telson. 

The  hind  margin  of  the  sixth  abdominal  segment  is  prolonged 
posteriorly  into  two  lateral  teeth,  one  on  each  side  of  the  base  o  the 
telson  and  above  the  basal  joint  of  the  uropod. 

A  small  swelling  on  the  ventral  surface,  a  little  in  front  of  the  anus,  is 
the  rudiment  of  the  anal  spine  (sp,,  fig.  17). 

lY.  (fig.  1).  This  stage  is  mainly  characterised  by  the  development  of 
the  uropods.  They  have  increased  considerably  in  size  and  bear  a  greater 
proportion  to  the  telson  than  formerly.  The  outer  element  bears  12, 
and  the  inner  element  nine  marginal  plumose  setSB  (fig.  21).  A  number 
of  hairs  have  appeared  on  the  surface  of  the  uropod.  These  are  on  the 
ventral  surface  ^of  the  exopodite,  with  the  exception  of  two  on  the 
outer  edge,  and  on  the  dorsal  surface  and  outer  edge  of  the  endopodite. 

The  telson  retains  much  the  same  shape  as  in  the  preceding  stages. 

The  anal  spine  is  present  but  small  (sp.,  fig  1). 

V.  (fig.  3).  The  telson  in  this  stage  is  oblong  in  place  of  being 
triangular.  It  has  lost  in  breadth  in  its  distal  portion,  and  gained  in 
length  by  what  is  practically  an  outpushing  of  the  six  spines  on  each  side 
next  the  furca,  which  has  almost  disappeared,  *  and  the  consequent 
transference  of  the  second  outer  spine  on  each  side  to  a  lateral 
position.  In  this  stage  no  teeth  were  made  out  on  the  dorsal  surface  of 
the  telson  at  the  base  of  this,  the  seventh  spine  counting  from  the  furoa, 
although  they  were  present  in  the  three  preceding  stages  (fig.  19).  Its 
lateral,  in  place  of  its  former  terminal,  position  on  the  telson  may  have 
some  bearing  on  the  absence  of  the  teeth.  In  the  preceding  stages  the 
only  spine  at  the  base  of  which  there  were  no  dorsal  marginal  teeth  on 
the  teLson  was  the  single  lateral  spine. 

Accompanying  an  increased  size  the  marginal  plumose  setse  of  the 
uropods  are  more  numerous,  on  the  outer  branch  (fig.  31)  numbering  16, 
on  the  inner  (fig.  25)  14.  The  number  of  hairs  on  the  ventral  and 
dorsal  surfaces  of  the  two  branches  has  not  increased  much.  Of  those  on 
the  endopodite  most  were  feathered. 

The  anal  spine  is  very  prominent,  and  remains  in  all  the  succeeding 
stages. 

VI.  (fig.  2).  On  casting  from  stage  V.  certain  of  the  spines  of  the 
telson  disappear  (fig.  32).  {Vicle  Sars.)  Counting  from  the  median  cleft 
outwards,  the  1st,  5th,  6th,  7th,  and  8th  spines  of  the  stage  Y.  appear 
again  as  spines  in  stage  VI.  (Ehrenbaum).  Spines  2nd,  3rd,  and  4th, 
the  group  of  three  attached  to  the  inner  lobe  in  stage  I.,  are  represented 
in  stage  VI.  by  No.  2,  which  persists  as  a  short  slender  hair  close  to 
the  terminal  spine  of  the  telson  (vide  Sars).  Small  rudiments  of  Nos. 
3  and  4  are  seen  immediately  on  casting  (fig.  10),  but  they  soon 
disappear.  A  small  process  takes  the  place  of  the  furca.  The  telson  of 
stage  VL  is  the  result  of  a  continued  outpushing,  begun  in  stage  V. 
An  intermediate  condition  is  seen  in  figs.  10  and  6,  which  represent 
the  telson  of  a  form  which  is  in  the  act  of  casting ;  the  abdomen 
was  freed  from  its  integument,  but  in  the  cephalic  region  moulting  was 
not  complete.  The  end  of  the  telson  was  swollen  into  a  globular  shape ; 
the  dorsal  view  is  shown  in  fig.  10,  the  side  view  in  fig.  6. 

The  telson  (figs.  2  and  30)  is  now  narrower  posteriorly  than  it  is  at  its 
base,  and  in  later  stages  it  becomes  still  narrower.  It  tapers  gently  from 
its  base  to  its  distal  part.  The  sides  here  turn  inwards  to  form  the 
rounded  termination  bearing  a  small  process,  flanked  on  either  side  by  a 
ciliated  spine,  the  persistent  first  spine  of  the  preceding  stage.     At  its 
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base  there  arises  a  delicate  plain  hair,  aud  on  the  inturned  edge  uf  the 
telson  there  are  attaehed  a  long  and  a  short  plain  spine.  On  the  side  of 
the  telson  are  two  other  short  thick  spines  similar  to  the  preceding.  The 
^wo  long  spines — viz.,  the  terminal  ciliated,  and  the  long  plain  spine — are 
directed  backwards  and  outwards. 

The  uropods  are  thickly  provided  with  marginal  plumose  sets,  the 
exopodite  (figs.  2  and  43)  with  ea,  23,  the  endopodite  (figs.  2  and  26)  ca,  20. 
The  outer  edge  of  the  exopodite  terminates  in  two  teeth  (fig.  14),  of 
which  the  outer  is  the  shorter  of  the  two.  A  small  plain  hair  arises  on 
the  dorsal  surface  from  the  base  of  the  smaller  tooth.  On  the  ventral 
surface  and  outer  edge  of  the  exopodite  there  is  a  large  number  of  hairs, 
most  of  which,  with  the  exception  of  the  two  proximal  hairs  on  the 
outer  edge,  appear  to  be  plain.  On  the  dorsal  surface  there  are  three 
long  ciliated  hairs.  On  the  endopodite  the  hairs  are  on  the  doisal 
surface,  with  the  exception  of  one  on  the  inner  edge  near  the  base. 

On  the  dorsal  surface  of  the  telson  (fig,  30)  there  are  a  number  of 
hairs  arranged  in  pairs.  There  are  six  principal  pairs  and  four  hairs  on 
each  side  of  the  double  median  row.  There  are  also  two  lateral  hairs  ou 
each  side,  one  near  the  base,  the  other  close  to  the  more  anterior  of  the 
lateral  spines. 

VII.  (fig.  15).  In  this  stage  there  is  little  change  from  the  preceding, 
except  that  the  distal  end  of  the  telson  is  a  little  narrower  in  proportion, 
and  the  long  spines  are  pointed  directly  posteriorly  (figs.  15,  27,  28,  and 
35).  The  latter  are  curved  with  the  convex  side  outwards.  The 
terminal  spines  have  their  distal  fourths  bare  of  cilia.  There  are 
seven  pairs  of  hairs  on  the  median  portion  of  the  telson,  the  second  pair 
from  the  base  being  the  longest  (fig  35).  There  is  also  a  row  of  smsdler 
hairs  along  either  ventral  edge,  and  three  teeth,  somewhat  hastate  in 
shape,  on  each  side  of  the  proximal  portion  (dorsal). 

The  marginal  plumose  setse  of  the  uropods  have  increased  in  number — 
viz.,  on  the  exopodite  (fig.  28)  28  ca.,  on  the  endopodite  (fig.  27)  29 
ca.  On  the  exopodite  almost  all  the  surface  hairs  are  ventral ;  those 
along  the  outer  edge  are  dorsal.  The  hairs  along  the  inner  edge 
are  mainly  ciliated,  while  those  on  the  outer  side  are,  with  the  exception 
of  those  at  the  base,  plain.  Tliere  are  five  long  hairs  on  the  dorsal  surface 
of  this  branch.  On  the  inner  branch  the  hairs  are  on  the  dorsal  surface, 
and  for  the  most  part  feathered.  One  hair — viz.,  at  the  base  on  the  inner 
side — is  ventral. 

Pereiopods  {jfi€r,y  Plate  V.). 

I.  (figs.  126  a  and  h).  The  pereiopods  are  represented  in  the  first 
stage  by  a  group  of  buds  situated  on  each  side  immediately  posterior  to 
the  third  maxillipede.  They  are  five  in  number,  and  bend  in  towards 
the  middle  line.  The  figure  (126  a)  shows  a  ventral  view.  The  first 
bud  is  bifid,  seen  in  side  view  in  fig.  126  h.  The  second  is  small,  and 
is  situated  a  littlo  nearer  the  middle  line  than  the  others ;  it  lies  to  the 
inside  of  the  first.  The  third  and  fourth  are  more  prominent  than  the 
fifth,  which  appears  to  be  smaller ;  it  is  sometimes  with  difficulty  made 
out,  especially  in  side  view.  As  the  thorax  narrows  rapidly  behind  the 
maxillipedes.  the  buds  stand  in  a  curve  ou  either  side. 

According  to  Sars  there  is  in  the  first  stage  of  Crangon  only  one  bud  ; 
the  remaining  four  buds  appear  together  in  the  second  stage.  Claus* 
stated  that  there  were  two  pairs  of  pereiopods  in  the  larva  of  Crangon 

*  ClaoB,  *'Zar  t^enntniss  der  Malacostrakenlarven,"  Wursbur^er  Naivanc,  ZeiUckr, 
1861. 
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when  hatched,  the  rudiments  of  the  three  other  pairs  developing  soon 
after.  Ehrenbaum  says  that  there  are  three,  sometimes  four,  buds, 
the  first  of  which  is  biramose,  in  the  larva  of  the  first  stage.  The 
earliest  prelarva  of  Palaemonetes  vulgaris  shows  the  rudiments  of  the 
two  anterior  pairs  of  pereiopods,  while  the  posterior  pairs  arise  indepen- 
dently in  succeeding  stages  (W.  Faxon).*  In  the  zoea  stage  of  Lucifer 
there  are  only  buds  of  four  pereiopods.  t  In  the  zoea  of  Penaeus  there 
are  rudiments  of  the  five  pereiopods. t  In  Fandalus  horealia  the  first 
larval  stage  observed  by  Sars  had  the  bud  of  one  pereiopod  only.it 

II.  (fig.  135).  In  this  stage  the  buds  have  increased  much  in  size. 
The  exopodite  and  endopodite  of  the  first  are  now  distinctly  different  from 
one  another.  The  endopodite  is  club-shaped;  the  exopodite  is  longer  than 
the  former  and  tapers  a  little.  The  bud  of  the  second  limb  is  small  and 
lies  a  little  behind  and  on  the  inner  side  of  the  first.  The  third,  fourth, 
and  fifth  are  clavate  in  shape,  and  are  bent  inwards  and  forwards,  each 
in  succession  lyin^  on  the  inner  side  of  the  one  which  precedes  it. 

III.  (figs.  137  a  and  b).  The  first  limb  has  developed  considerably. 
The  exopodite  now  resembles  the  exopodite  of  a  maxillipede.  It  is 
furnished  with  the  usual  six  swimming  setee.  The  endopodite  is  similar 
in  form  to  that  of  the  preceding  stage,  but  it  now  bears  a  short  terminal 
hair. 

The  second,  third,  fourth,  and  fifth  remain  in  shape  as  in  stage  II. 

IV.  (figs.  147  and  146).  The  exopodite  of  the  first  pair  remains  un- 
changed in  structure;  the  endopodite  is  now  four- jointed.  The  third  joint 
is  very  large,  and  is  the  future  propodite.  The  end  joint  bears  the  single 
hair  at  its  tip,  while  on  the  distal  edge  of  the  third  joint  there  are  two 
hairs,  one  on  each  side.  The  second  limb  is  cylindrical  in  shape  and 
bears  a  terminal  hair.  The  third,  fourth,  and  fifth  have  now  begun  to 
assume  the  shape  of  the  walking  limbs.  They  are  all  two-jointed,  the 
short  terminal  joint  representing  the  future  propodite  and  dactylopodite. 

Y.  (fig.  139).  In  this  stage  the  pereiopods  have  become  fully  jointed. 
The  first,  which  still  retains  its  swimming  exopodite,  has  a  two-jointed 
protopodite  ;  the  endopodite  is  five-jointed.  The  normal  number  of  joints 
is  thus  present,  seven — viz.,  the  coxopodite  and  basipodite  forming  the 
protopodite,  and  the  ischiopodite,  meropodite,  carpopod^te,  propodite,  and 
dactylopodite.  The  dactylopodite  is  now  claw-shaped  and  possesses  a 
rudimentary  cutting  edge.  The  second  limb  already  shows  a  rudi- 
mentary chela  tip,  the  dactylopodite  of  which  bears  a  single  hair.  The 
third,  fourth,  and  fifth  limbs,  like  the  preceding,  have  their  full  comple- 
ment of  joints. 

VI.  In  this  stage  all  the  pereiopods  are  functional. 

First  Pebbiopod.  Figs.  1 38, 1 25, 1 28,  1 32, 1 40, 1 49, 1 5 1 .  This  Umb 
is  now  in  form  almost  identical  with  the  adult  appendage.  The  exopodite 
has  degenerated,  and  is  present  only  as  a  small  process  on  the  outer  side 
of  the  basipodite  {ex,  figs.  138  and  128).  The  endopodite  functions  as  a 
cutting  organ,  the  dactylopodite  being  freely  movable,  and  forming  with 
the  knife-edge  on  the  protopodite  an  effective  shears.  The  joints  of  the 
limb  are  adorned  with  a  few  hairs  and  thorns.  The  hairs  are  on  the 
inner  side  mainly,  and  are  borne  by  all  the  joints ;  those  on  the  three 
first  joints  are  plumose.  The  meropodite  is  a  long  joint  terminating  on 
its  outer  border  in  a  large  hook.     On  the  inner  edge  there  is  a  small 

*  Faxon,  *'0n  the  Development  of  Palocmonetes  vulgaris  "    BulL  Mua,  Comp,  ZooL 
Harvard  Coll,    Cambridge,  Mass.,  Vol.  V.,  1879. 

t  Korschelt  and  Heider.    Text-Book  of  the  Embryology  of  Invertebrates.    London, 
1899. 

X  Report   of  Norwegian   Fithery  and    Marine   Investigaiions,    Vol.  I.,    No.   8. 
Christiania,  1900. 
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notch  (n)  iu  some  of  the  youug  forms  of  tliis  stage  ;  it  is  not  present  in  all. 
The  carpopodite  is  a  short  roundish  joint  (fig.  125).  It  is  armed  on  its 
inner  surface  with  three  thorns,  of  which  two  are  dentate.  On  its 
ventral  or  posterior  surface  it  bears  a  tooth,  close  to  the  base  of  which  a 
hair  arises.  The  hand  (propodite)  is  likewise  armed  with  dentate  thorns 
on  the  base  of  its  inner  side.  They  are  four,  sometimes  five  in  number. 
The  deep  cutting  edge  of  the  hand  ends  in  a  large  hook.  Along  each 
side  of  the  blade  there  is  a  row  of  four  stiff  hairs  which  are  carved 
backwards  towards  the  hinge.  The  dactylopodite,  which  has  a  narrow 
knife-edge,  acts  upon  the  blade  of  the  hand  in  the  manner  of  a  pair  of 
scissors,  but  with  this  difference,  that  its  curved  end  crosses  over  in  front 
of  the  hook  and  drops  down  on  its  opposite  side.  In  this  way  the  two 
blades  are  locked  together  (figs.  151  and  149).  The  knife-edge  of  the 
claw  does  not  extend  along  its  whole  length,  but  ends  at  some  distance 
short  of  the  tip,  the  hooked  termination  not  functioning  for  cutting, 
but  merely  for  locking  the  two  parts  (fig.  132).  In  the  claw  there  is  a 
number  of  fine  tubes,  nine  in  all,  which  open  out  on  to  the  cutting  edge 
(fig.  132).  In  the  hook  of  the  propodite  also  there  are  two  (or  three)  of 
these  tubes  (fig.  140).  It  is  possible  that  by  these  tubes  a  lubricant  of 
some  sort  is  poured  on  to  the  blade. 

Certain  differences  were  noticed  in  the  first  pereiopod  of  different  young 
forms  of  this  stage.  As  was  mentioned  above,  the  number  of  joints  in  the 
flagellum  of  the  antenna  is  not  constant.  In  a  form  which  had  19  and 
20  joints  in  the  flagella  of  its  two  antennee,  the  dactylopodite  of  the  first 
pereiopod  (fig.  149)  was  longer  than  that  joint  in  a  shrimp  which  had 
17-  and  18-jointed  flagella.  While  in  individuals  of  the  former  class 
the  little  notch  on  the  inner  side  of  the  mesopodite  was  present^  it  was 
not  made  out  in  the  latter.  In  one  case  five  dentate  thorns  were  found 
on  the  base  of  the  hand  in  a  young  shrimp  having  19  joints  to  the 
flagellum  of  the  autenna;  in  one  having  17  joints  to  the  same  only  four 
were  found.  At  first  sight  these  differences  might  be  considered  sezual, 
since  a  difference  in  the  size  of  the  dactylopodite  may  be  seen  in  adalts 
of  different  sexes,  but  the  investigation  has  not  been  carried  far  enoagh 
to  warrant  any  definite  conclusion. 

VII.  (figs.  144,  142,  141).  The  remnant  of  the  exopodite  has  dis- 
appeared. A  few  hairs  have  been  added  to  the  limb,  mainly  on  the 
raeropodite  and  hand.  On  the  surface  of  the  latter  a  few  short  hairs 
have  appeared.  Along  each  side  of  the  knife-edge  of  the  propodite  there 
is  now  a  row  of  five  hairs.  The  thorns  on  the  carpopodite  are  of  the 
same  number  as  in  the  last  stage — viz.,  throe  (fig,  142).  The  tooth,  t^  is 
larger.  On  the  hand  there  are  six  dentate  thorns.  The  notch  on  the 
inner  edge  of  the  mcropodite  is  prominent  (n,  figs.  142  and  144). 

Second  Perkicpod.  VI.  (2,  fig.  134).  The  second  pereiopod,  which 
ends  in  a  chela  tip,  is  slender,  and  in  its  full  extent  little  shorter  than  the 
other  pereiopods  (Ehrenbaum).  It  is  situated  nearer  the  middle  line  and 
close  up  to  the  first  pereiopod  (Plate  VI.,  fig.  187,  2),  and  is  always  folded 
upon  itself.  The  joints  are  all  of  about  the  same  thickness.  The  coxopodite 
joint  bears  an  epipodite.  The  limb  is  furnished  with  only  three  hairs ;  they 
are  in  the  basipodite — viz.,  two  plumose  hairs  on  the  distal  border,  and  one 
plain  hair  at  the  middle  of  the  joint.  The  chela  is  composed  of  two 
hooked  jaws,  the  dactylopodite  being  slightly  longer  than  the  propodite 
part  (fig.  143).  It  is  adorned  with  several  short  curved  spines,  three  on 
each  half  of  the  chela.  One  of  these  at  least  is  serrated,  but  on  the 
concave  side  only.  There  is  also  a  number  of  long  bristles,  four  of  which 
are  on  the  dactylopodite  and  two  on  the  hook  of  the  propodite.  On  the 
latter,  a  little  behind  the  hook,  there  are  two  other  bristles,  while  three 
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are  arranged  round  the  hinge,  two  on  one  side,  and  the  third  on  the 
other. 

VIL  (fig.  127).  The  limb  in  this  stage  varies  little  from  the  condition 
in  stage  YI.  Tne  armature  of  the  chela  has  increased  (fig.  129).  The 
little  curbed  spines  are  more  numerous,  there  being  five  each  on  the  dactyl 
and  hook  of  the  propodite.  These  are  all  serrated  on  their  concave  sides. 
A  plain  short  bristle  was  also  present  on  the  latter.  The  long  bristles, 
which  are  the  same  in  number  as  in  stage  YI.,  are  all  strongly  serrated  on 
both  sides. 

Thibd,  Fourth,  and  Fifth  Perbiopods.  VI.  (figs.  134,  148,  130, 
150).  They  are  of  the  usual  form  of  the  walking  limbs  of  the  higher 
decapods  (seven  joints),  and  are  adorned  with  a  varied  collection  of 
plain  and  ciliated  hairs^  and  short  plumose  setae.  While  in  general 
closely  resembling  each  other,  the  third  differs  from  the  fourth  and  fifth 
in  two  not  unimportant  points— viz.,  the  structure  of  the  dactylopo- 
dite,  and  the  arrangement  of  the  hairs  borne  by  the  limb.  The  joints 
of  the  fourth  and  fifth  pereiopods  are  far  more  richly  furnished  with 
hairs  than  those  of  the  third  Umb.  They  are  located  on  the  anterior, 
dorsal,  and  posterior  surfaces.  On  the  two  hindmost  limbs  the  hairs 
are  practically  identical  in  number  and  distribution.  The  ciliated 
bristles  are  diorsal  in  position  generally.  On  the  distal  border  of  each 
joint  there  is  a  group  of  hairs,  especially  prominent  on  the  ischiopodite, 
meropodite,  and  propodite.  The  coxopodite  is  furnished  with  long 
ciliated  bristles.  The  longest  are,  however,  on  the  ischiopodite.  On  this 
joint  and  the  propodite  are  situated  a  number  of  short  plumose  setse. 
They  are  in  the  latter  arranged  in  two  rows — one  on  the  anterior,  the 
other  on  the  posterior  surface.  The  group  of  eight  hairs  at  the  distal  end 
form  an  almost  complete  circle  round  the  joint ;  none  appeared  to  be  on 
the  ventral  edge.  The  dactylopodite  is  a  long  claw-like  joint ;  it  is 
described  by  Ehrenbaum  as  ending  in  "  a  tuft  of  extremely  fine  short 
hairs."  This  description  is  not  strictly  accurate.  It  is  true  for  the  third 
pereiopod  (fig.  148);  but  in  the  fourth  and  fifth  pereiopods  the  dactylopodite 
ends  in  a  hook  (M,  over  which  projects  a  hood  of  delicate  integument  (figs. 
131  and  150).  From  the  ventral  side  of  this  hood  issues  a  mimber  of 
hairs  which  are  of  the  nature  of  sensory  filaments.  They  can  be  followed 
{t)  some  short  distance  back  into  the  dactylopodite.  In  the  fourth  limb 
seven  of  these  sensory  filaments  were  found ;  in  the  fifth,  six  were  observed. 
The  dactylopodite  of  the  third  pereiopod  does  not  end  in  a  hook.  From 
the  delicate  hood  14  filaments  issued.  As  has  been  ahready  mentioned, 
the  third  limb-  is,  in  comparison  with  the  fourth  and  fifth,  but  sparsely 
adorned  with  hairs.  Their  number  and  distribution  are  shown  in  3^ 
fig.  134.  The  third  pereiopod  moreover  appears  to  have  less  freedom  of 
movement  about  its  long  axis  than  the  third  and  fourth  ;  the  latter  appear 
to  be  able  to  rotate  through  a  greater  arc  than  the  former. 

On  the  proximal  part  of  the  ischiopodite  a  septum  (x,  fig.  134)  is  seen  ; 
it  is  not  so  well  marked  as  the  separation  between  two  joints,  and  is  pro- 
bably the  fracture  plane.     It  is  present  in  the  adult.     Fredericq,*  how 
ever,  says  that  in  Carcinus  maenas  the  fracture  plane  is  at  the  suture 
between  the  basipodite  and  ischiopodite. 

YII.  (fig.  146).  The  three  pereiopods  do  not  call  for  detailed  descrip- 
tion in  this  stage.  The  resemble  almost  exactly  those  of  stage  YI.,  except 
that  the  number  of  hairs  on  each  is  increased.  Their  position  and  number 
are  shown  in  the  figure.  The  short  plumose  setse  on  the  protopodite  are 
in  a  row  running  in  a  slanting  direction  along  the  posterior  surface  of  the 
joint.     Enlarged  drawings  of  the  bristles  and  setse  are  shown  in  figs.  136, 

*  "  Nouvelles  recherches  sur  Taatotomie  chez  le  Crebe."    1891. 
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133,  and  130.  On  the  dactylopodites  were  fuuad— 3id,  15  filaments : 
4th,  6  (?  7) ;  5th,  6.  A  small  tooth,  ^,  has  appeared  on  the  posterior 
surface  of  the  distal  part  of  the  meropodite  in  the  fourth  and  fifth  limbs. 

ThI   PlREIOPODS   OP  THB    AdULT. 

The  filaments  on  the  tips  of  the  dactylopodites  of  the  3rd,  4th,  and  6tb 
pereiopods  are  not  peculiar  to  the  young  form  ;  they  are  present  in  the 
adult.  Figures  191,  193,  and  196  show  the  tips  of  the  dactylopodites  of 
the  3rd  and  5th  pereiopods.  As  in  the  sirth  stage,  the  4th  and  5th 
pereiopods  end  in  membranous  prolongations  of  the  ventral  wall  of  the 
last  joint,  and  over  and  in  front  of  them  the  dorsal  wall  of  the  same  pro- 
jeets  as  a  soft  hood.  From  within  this  hood  issue  the  sensory  filaments. 
They  are  more  numerous  than  in  the  larva,  there  being  on  the  5th  pereio- 
pod  fourteen  processes.  In  the  case  of  the  3rd  pereiopod  there  is  no 
ventral  terminal  process  (fig.  191). 

Plbopods  (pleo..  Plates  V.  and  VI.). 

I.  (fig.  184).  The  rudiment  of  the  pleopod  may  be  seen  in  the  first 
stage.  On  the  ventral  surface  of  the  first  five  abdominal  joints  there  are 
little  swellings  within  wiiich  the  rudiments  of  the  pleopods  may  be  traced. 

II.  and  III.  (figs.  157, 167,  183).  The  swellings  are  more  prominent, 
but  the  pleopod  does  not  project  externally. 

IV.  (fig.  169).  In  this  stage  they  project  as  little  buds  on  each  side  of 
the  gut. 

V.  (fig.  176).  The  pleopod  is  two-jointed.  The  second  joint,  which  is 
spatulate,  is  the  ezopodite.  The  endopodite  is  represented  by  a  small 
rounded  process  on  the  distal  border  of  the  first  joint. 

VI.  (figs.  172, 171, 168, 185,  173,  161).  The  swimmerets  are  biramose 
and  provided  with  long  setse.  The  exopodite,  which  is  paddled-shaped,  is 
convex  on  its  anterior  surface  and  concave  on  its  posterior.  It  bears  1 5  setie, 
two  of  which  are  terminal,  six  on  the  outer  edge,  and  seven  on  the  inner. 
The  fifth  swimmeret,  which  is  the  smallest,  has  13  setae  only  (fig.  173). 
The  setffi  of  the  pleopods  are  of  two  kinds  :  on  the  outer  border  and  the 
tip  they  are  densely  plumose ;  on  the  inner  border  they  are  furnished 
with  long  lanceolate  cilia  on  the  proximal  side.  On  the  distal 
side  of  the  latter  setss  the  ciliee  are  long  and  slender,  and  resemble 
the  cilia  which  are  present  on  the  setsB  on  the  outer  side  of 
the  pleopod.  The  lanceolate  cilia  are  stoutest  in  the  set»  next 
the  base,  and  become  less  stout  the  more  distal  the  seta.  That 
is,  in  passing  from  the  base  towards  the  tip,  the  cilia  of  the  one  aide 
become  in  each  less  tooth-like  until  the  seta  is  symetrically  supplied  on 
both  sides  with  delicate  cilia  identical  with  those  on  the  outer  setse 
This  happens  in  the  fifth  seta.  The  setae  are  segmented,  with  the 
exception  of  the  three  lower  setae  on  the  outer  side.  On  the  outer  side 
the  joints  are  not  so  well  marked  as  on  the  inner.  The  proximal  half  is 
usually  unsegmented,  the  distal  half  is  broken  up  into  four  to  seven 
joints.  The  number  of  setae  varies,  thus  in  the  fourth  pair  of  swimmerets, 
on  one  side  there  were  six  outer  setae  and  on  the  other  five. 

There  are  two  short  hairs  on  the  inner  border  of  the  anterior  snrCace. 

The  endopodites  are  small  rounded  knobs  bearing  two  bristles,  one  of 
which  is  plain,  the  other,  which  is  the  longer,  is  furnished  with  long  flat 
teeth.  On  the  first  swimmeret  the  endopodite  is  very  small  and  bears 
two  plain  bristles  (fig.  172). 

VII.  (figs.    181,   166,  162,  164,  175).       The  number  of  setae  has 


of  tke  Fishery  Board  for  Scotland.  113 

increased,  there  now  being,  in  addition  to  the  two  terminal  setee,  seven  outer 
and  eight  inner,  17  in  all.  On  the  fifth  swimmeret  there  is  one  seta  less  on 
each  side,  viz.,  six  outer  and  seven  inner.  The  endopodites  (figs.  165, 
178,  177,  179,  182)  are  furnished  with  two  serrated  and  one  plain 
bristle.  On  one  of  the  swimmerets  of  the  fifth  pair  there  were  three 
serrated  and  one  plain  bristle  (fig.  174).  The  endopodite  of  the  first 
pleopod  is  surmounted  by  two  plain  bristles  (fig.  165). 

Thb  Eybs  (o.  Plates  V.  and  VI.). 

The  eyes  in  the  larval  stages  are  sessile :  they  are  lateral  in  position 
and  very  large.  The  nauplius  eye  is  present  as  a  small  black  patch 
between  the  two  compound  eyes. 

I.  In  the  first  stage  the  facetted  cornea  of  the  eye  is  a  specialised 
portion  of  the  carapace,  which  is  bulged  out  over  the  projecting  eye. 
Vide  fig.  159,  which  is  a  drawing  of  a  moulted  carapace  of  the  first  stage. 
Ehren^um  describes  the  condition  thus: — "  Sie  [die  Augen]  erscheinen 
bier  unter  dem  Biickenschilde  liegend,  dessen  Konturen  mit  denen  der 
Mittellinie  des  EOrpers  zusammen."*  He  does  not  mention  the 
facetted  condition  of  that  part  of  the  carapace.  Dohrnt  describes  a 
larva  in  which  a  similar  condition  was  found,  as  follows  : — **  Die  grossen 
zusammengesetzen  Augen  in  dem  vorderen  Theile  des  Schildes  ein- 
gewachseu  sind,  so  dass  die  ausseren  nechseckigen  Facetten  eine 
Fortsetzung  des  Schildes  sind."  That  this  is  a  case  of  secondary  attach- 
ment of  the  cornea  to  the  carapace  does  not  seem  likely  ;  it  is  more 
probable  that  this  condition  indicates  the  development  of  the  cornea 
from  a  specialised  anterior  portion  of  the  carapace. 

II.— V.  (figs.  157,  167,  170,  158).  In  stage  II.  the  eye  is  free  from 
the  carapace,  and  in  the  succeeding  larval  stages  there  is  practically  no 
change  except  increase  in  size. 

VI.  {^%,  186).  The  eyes  are  now  stalked  and  freely  movable.  They  are 
directed  anteriorly  and  outwards  in  contradistinction  to  the  larval  eye, 
the  facets  of  which  are  more  lateral.  There  are  two  short  hairs  on  the 
inner  edge  of  each  eye,  close  to  the  rostrum.  The  nauplius  eye  is  still 
present  (Ehrenbaum). 

VII.  (fig.  195).  On  the  border  of  the  facetted  portion  of  the  cornea 
there  are  two  protuberances,  with  one  of  which,  situated  on  the  dorsal 
surface  of  the  eye,  there  are  associated  three  short  hairs.  Of  these,  one  is 
on  the  apex,  the  others  are  at  either  side  of  its  base.  The  second  pro- 
tuberance is  without  hairs.  On  the  proximal  part  of  the  inner  side  of 
the  eye  there  is  a  short  hair. 

Branchia  (g,  Plate  V.). 

The  gills  are  first  recognised  in  stage  IV.,  in  which  stage  they  appear 
as  five  rounded  protuberances.  Ehrenbaum  states  that  they  number  four 
only,  and  that  '*  the  fifth  gill  is  a  little  later  in  development  than  the 
others,  in  like  manner  to  the  fifth  pair  of  pereiopods."  The  buds  of  the 
gills  are  connected  with  the  bases  of  the  pereiopods  (figs.  145  and  170),  that 
is  to  say,  they  are  in  the  present  stage  podobranchs. 

In  stage  V.  (fig.  139),  the  gills  are  larger,  but  show  no  segmentation  into 
leaves  externally,  although  the  traces  of  division  may  be  seen  within  the 
plain  cuticle.  Each  gill  is  now  connected  with  the  integument  joining 
the  protopodite  of  the  pereiopod  to  the  thorax,  and  is  therefore  at  this 
stage  an  Arthrobranch, 

*  Op,  cU,t  p.  69. 

fDohrn.      *' Untersuchungen    Uber     Bau   and    Entwickelung   der    Arthropoden," 
Zeit8chrift  f.  wissenschaftliche  Zoologie,  Ton  Siebold  und  KSlliker,  Bd.  21.,  1871,  p.  877. 
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In  stage  VI.  the  gills  have  become  Bpiudle-shaped  and  divided  into 
lobes.  Each  is  composed  of  nine  (ca,)  leaves,  of  which  all  but  the  leaf  at 
either  end  are  bi-lobed  (fig.  134).     The  fifth  gill  is  smaller  than  the  others. 

In  stage  VH.  the  ^ills  are  now  removed  from  the  vicinity  of  the  bases 
of  the  limbs  and  are  situated  some  distance  up  on  the  epimera ;  in  other 
words,  they  are  now  pleurobranchs.  They  are  apparently  all  of  one  size 
in  this  stage.* 

The  ZofiA. 

The  zoea  of  the  shrimp  differs  from  the  parent  form,  principally  in 
respect  to  the  staructore  of  certain  of  its  appendages ;  and  these  are,  those 
which  are  concerned  in  feeding  (viz.,  the  mandibles,  maxillse,  and 
maxillipedes),  and  those  subservient  to  sensation,  e.^.,  endopodites  of  the 
antennule  and  antenna.  The  latter  do  not  function  as  sensory  organs  in  the 
zoea.  The  larva  is  provided  with  organs  which  enable  it  to  procure  food 
in  a  manner  quite  different  from  that  proper  to  the  adult.  It  is  an  auto- 
matic feeder,  and  very  few,  if  any,  of  its  movements  are  co-ordinated.  Its 
swimming  organs,  the  exopodites  of  the  maxillipedes,  simply  serve  to  keep 
it  from  resting  continually  in  one  spot,  and  by  them  it  is  ever  brought 
into  contact  with  fresh  supplies  of  food  material.  The  latter  no  doubt 
consists  of  diatoms  and  the  larvae  of  invertebrates.  In  the  case  of  the 
adult,  which  feeds  largely  on  other  adult  forms,  6.^.,  annelids,  amphipods, 
etc.,  the  manducatory  appendages  are  quite  different  from  those  of  the 
larva,  cf.  Plates  II.,  III.,  lY.  In  the  sixth  stage  it  enters  on  a  new 
mode  of  existence ;  it  assumes  a  bottom  habitat,  its  sensory  organs  are 
fully  developed,  it  feeds  consciously,  and  its  actions  are  co-ordinated  and 
more  or  less  purposed. 

During  the  zoea  period  the  limbs,  which  are  not  present  on  hatchinfi^^ 
appear  and  develop.  They  are  numerous  and  of  intricate  structure,  and 
in  consequence  a  large  quantity  of  food  is  required  for  their  formation. 
The  functional  appendages  with  which  the  zoea  is  furnished  in  its  first 
stage  remain  unchanged  during  the  zoea  period,  while  the  pereiopods, 
pleopods,  etc.,  develop  regularly.  The  larva  passes  through  five  stages, 
and  in  each  of  these  the  pereiopods  and  pleopods  gain  a  step  in  develop- 
ment towards  their  functional  condition.  For  the  zo^a  appendages  the 
larval  period  is  simply  one  developmental  stage.  It  is  as  if  the 
manducatory  and  cephalic  appendages  were  more  precociously  developed, 
arriving  in  the  first  zoea  at  a  homologous  stage  to  that  which  the  pereio- 
pods and  pleopods  reach  only  in  the  fifth  zoea ;  and  so  during  the  larval 
period  the  former  mark  time.  Then  in  the  sixth  stage  all  the  appendages 
of  the  shrimp  appear  simultaneously  and  for  the  first  time  as  functional 
limbs.  The  zoea  stages  are  a  period  for  the  development  of  the  pereiopods, 
pleopods,  and  uropods. 

Although  complicated  in  structure  the  zoea  is  of  very  simple  form 
when  compared  to  the  first  young  stage.  The  precocious  development  of 
the  feeding  organs  follows  as  a  consequence  of  the  small  amount  of  jolk 
contained  in  the  egg  of  the  shrimp.  The  food  material  therein  stored  is 
not  sufficient  for  the  development  of  a  fully  formed  young  shrimp^  and  a 
larval  stage  in  which  food  may  be  obtained  from  the  surrounding  medium 
is  necessitated.  In  Astacus,  the  egg  of  which  is  large,  the  young  form 
has,  on  hatching,  all  the  characters  of  the  adult.  But  in  marine  decapods 
a  sliorter  or  longer  zoea  period  is  necessary  before  the  adult  appendages 

*  Obseryations  such  ns  thoso  on  the  origin  of  the  gilln  and  tlieir  change  of  place  with 
growth  have  been  made  but  seldom,  and,  indeed,  we  only  recall  as  a  panallel  thft  riligl« 
observation  of  Claus  in  the  case  of  Perueut  (Neue  BeitHi^e  Z.  Morpnol.  d.  CmstaoMO, 
Arb.  a.  d,  Zool.  Intt,  Wien^  VI.,  1886,  p.  44),  a  case  entirely  similar  to  the  above.  Both 
observations  lead  to  the  very  important  result  that  the  gills  are  in  all  cases  appendages 
of  the  limb,  and  that  the  terms  arthrobranchire  and  Dleurobranchise  have  no  primery 
morphological  significance. — [D.W.T.] 
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are  developed.  The  lobster  {Homarus  americcmus)*  bas  a  zoea  period  of 
three  stages.  The  length  of  the  zoea  period  probably  depends  on  the 
size  of  the  egg  and  on  the  quality  of  the  yolk.  The  greater  the  ovum 
the  larger  is  the  larva,  and  probably  also  the  further  advanced  will  its 
development  be.  An  analogous  comparison  might  be  drawn  between  the 
larva  cf  the  sprat  {Clupea  sprcUtus)  and  that  of  the  herring  {Clupea 
harengus).  The  egg  of  the  latter  is  much  larger  than  that  of  the  former, 
and  its  yolk  is,  moreover,  more  concentrated.*  The  larva  of  the  herring 
is  larger  and  at  a  more  advanced  stage  of  development  than  the  newly 
hatched  sprat 

During  the  larval  stages  of  the  shrimp  certain  slight  changes  do  take 
place  in  the  structure  of  the  functional  appendages.  These  have  beeu 
detailed  in  the  preceding  part  of  the  paper,  but  they  are  so  slight  that 
they  do  not  result  in  any  change  in  function. 

The  metamorphosis  in  the  higher  Crustacea  has  been  given  an 
importance  which  it  probably  does  not  deserve.  The  extent  of  the 
metamorphosis  is  not  so  great  as  in  some  of  the  other  marine  invertebrate 
groups;  it  has  derived  its  apparent  importance  from  the  highly 
speciaUsed  structure  of  the  zoea.  The  transition  from  the  zoea  to  the  young 
form  is  not  nearly  so  striking  as  that  from  a  Pilidium  larva  to  a  Nemertean, 
from  a  Bipinnaria  to  a  Starfish,  or  from  a  Yeliger  to  a  Mollusc. 

*  Herrick,  **  The  American  Lobster,'*  Bull,  V. S,  Fish  CofMnitsum for  1895.  Washington, 
1895. 
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EXPLANATION  OF  THE  PLATES. 

Each  figure  in  a  plate  is  labelled  by  means  of  one  or  more  letters,  and  a  Roman 
numeral.  The  letters  serve  to  distinguish  the  appendage,  and  the  numeral 
indicates  the  larval  stage  to  which  it  belongs. 

The  drawings  have  all  been  outlined  by  means  of  the  camera  lucida. 

None  of  the  drawings  are  diagrammatic  ;  the  exact  number  of  hairs,  bristles, 
etc.,  obserx'ed  in  the  preparation  are  shown  in  each  sketch.  A  little  circle  at  the 
base  of  a  hair  indicates  that  the  hair  is  on  the  ventral  surface  of  the  sketch. 

The  Letters  Used. 


a. — antennule. 

A.  — antenna. 

ab. — abdomen. 

an. — anus. 

1  b,  2  b — basal  joints  of  endopodite  of 

antenna, 
basi.  — ^basipodite. 
o. — cilia, 
oar.— carapace, 
carp.— oarpopodite. 
cox.  — coxopodite. 
en.  — endopodite. 
ep. — epipodite. 
ex. — exopodite. 
f.  1  &  2. — first  and  second  joints  of  fla- 

gellum. 
g. — ^branchia  and  also  ganglion, 
h. — ^hook. 
in. — intermediate    dorsal     integument 

between    the    carapace    and    first 

abdominal  segment, 
k.  — keel  of  rostrum, 
kn. — knob    on    ventrum   of  alxlominal 

segment, 
lb. — labium. 


Ir. — labrum. 

Isp.  — lateral  spine  of  carapace. 

1  m. — ^first  maxilla. 

2  m. — second  maxilla, 
mn.  — mandible. 

1  mp.— first  maxiUinedo. 

2  mp. — second  maxulipede. 

3  mp. — third  maxillipede. 

msp. — median  spine  of  carapace. 

n. — notch. 

o. — eye. 

1-5  per. — five  pereiopods. 

1-5  pleo. — ^five  pleopKxls. 

pr. — prolongation  of  ventral  wall  of 

dactylopodite  (figs.  193  and  196). 
prop.  — propodite. 
8. — seta, 
sp. — spine, 
t. — tooth. 
T. — telson. 
Th. — thorax, 
ur. — uropod. 

X. — septum  on  ischiopodite  (fig^    134 
and  146). 
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The  magnifications  (in  diameters)  given  below  are  only  approximate. 

Plate  L 
Fig.    1.  Telson,  rV., 

^  ^K*     *     19         ^*  f  •»«  «••  •#•  •••  •••  ••> 
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^  C3*    "**      9  9      ^*  9  *••  •••  •••  •••  •••  ••• 

Fig.    5.  Half  of  hind  border  of  telson,  I.,  dorsal. 

Fig.    6.  Telson,  VI.,  side  view. 

Fiff     7  III 

Fig.    8.  Half  of  hind  border  of  telson,  II. ,  dorsal. 

Fig.    9.  Terminal  lateral  spine  of  exopodite  of  uropod,  VII. 

Fig.  10.  Vide  fig.  6. ,  front  view. 

Fig.  11.  Half  ofhind  border  of  telson,  III.,  dorsal. 

Fig.  12.  Tips  of  endopodite  of  uropod,  VI.,  just  cast,  showing  setce   not  yet 

evaginated. 

Fig.  13.  Telson,  II.,  ...  ...  ...  ...  ...  ...      x  70 

Fig.  14.  Terminal  lateral  spine  of  exopodite  of  uropod,  VI. 

Fig.  15.  Telson,  VII.,  ...  ...  ...  ...  ...  ...     x  40 

Fig.  16.  Half  of  hind  border  of  telson,  I.,  dorsal. 

Fig.  17.  Telson,  III.,  ventral,  anal  region. 

Fig.  18.  Part  of  hind  border  of  telson,  II. ,  dorsal,  showing  bases  of  the  spines. 

Fig.  19.  Half  of  hind  border  of  telson,  V.,  dorsal. 

Fig.  20.  Uropod,  III.,  dorsal. 

Fig.  21.        „        IV.,      „ 

Fig.  22.  Exopodite  of  uropod,  VI. 

Fig.  23.  Endopodite        „  „ 

Fig.  25.  „  „        v.,  dorsal. 

Fig.  26.  „  „        VI.,    „ 

*  A  considerable  number  of  the  figures  have,  unfortunately,  been  placed  by  the 
lithographer  upside  down. 
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Fig.  27.  Endopodite  of  uropod,  VU.,  dorsal 
Fig.  28.  Exopodite  ,, 

Fig  29.  Hailof  hind  border  of  telBOD,  IV. 
Fig.  30.  TalBon,  VI.,  dorsal. 
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66<  Second  maxilla.  III., 

67.      „      „      vn., 
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of  first  maxillipede,  II. 


6.  Bt  tnaxilla,  V. 

.  First  maxilla,  III., 
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be  lower  Uppet  of  lirst  maxilla,  I. 


First  maxillipede,  11., 
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Fig.  90.  Dentate  thorn  from  second  maxillipede,  VII. 

Fig.  91.  First  maxillipede,  VL, 

Fig.  92.  Second        ,,  III., 

Fig.  93.  Endopodite  of  second  maxillipede,  II. ,  ...  ^.. 

Fig.  94.  Fourth  and  fifth  joints  of  endopodite  of  second  maxillipede,  VI. 

Fig.  95.  First  maxillipede,  IV., 
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Plate  IV. 

96.  Dentate  thoni  from  fifth  joint  of  endopodite,  second  maxillipede,  VI: 

97.  Fourth  anrl  fifth  joints  of  endopodite  of  second  maxillipede,  V II. 

98.  First  maxillipede,  VII. ,      ...  ...  ...  ...  ...      x   80 

99.  Fifth  joint  ot  endopodite  of  second  maxillipede,  VII. 

00.  Pjndopodite  of  first  maxillipede,  V. 

01.  Second  maxillipede,  IV.,    ...  ...  ...  ...  x   80 

02.  Fifth  joint  of  endopodite  of  second  maxillipede,  VI. 

03.  Endopodite  of  second  maxillipede,  V. 

04.  Third  maxillipede,  VI., 
05. 
06. 
07. 
08. 
09. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
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VI. ,  tip  of  exopodite. 
I.,  endopodite. 

VI.,  uniserrated  bristle. 

V 

IV 

VII. ,  plumose  bristle. 

VII. ,  apex  of  cone  of  endopodite. 

VII. ,  whorl  round  base  of  cone. 

VII.,  second  and  third  joints  of  endopodite. 

VII.,  inner  side  of  first  joint  of  endopodite. 

VII. ,  dentate  thorn. 

X*y  ••■  •«•  •••  •••  ••• 

VII. ,  dentate  thorn,  side  view. 
VII.,  with  many  cilia  on  one  side,  two  only  on 
the  other. 

XX*  y  •••  ■••  •••  •••  •••  ^f  V 

VI. ,  dentate  thorns. 

VI.,  whorls  round  base  and  on  apex  of  cone. 

*      X  X«  ^99*  •••  •••  •••  •••  ^J  fl^V 

Plate  V. 
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125.  First  pereiopod,  VI.,  carpopodite,  and  its  articulations  with  the 

meropodite  and  propodite  joints. 
26a.  Pereiopods,  L,  from  below, 
266.  First  pereiopod,  I. ,  side  view, 

27.  Secona        „         VII., 

28.  Fii'st  „         VI.,  basipodite  and  remains  of  exopodite. 

29.  Second        ,,  VII. ,  chela  tip,    ... 

30.  Hair  from  pereiopod,  VII. 

31.  Tip  of  fourth  pereiopod,  VI. 

32.  Dactylopodite  of  first  pereiopod,  VI. 

33.  Plain  hair  from  pereiopod,  Vll. 

34.  Second,  third,  fourth,  and  fifth  (Msreiopods,  VI., 

35.  Pereiopods,  II.,    ... 

36.  Hair  from  pereiopod,  VII. 
37a.  &  &.  Pereiopods  in., 

38.  First  pereiopod,  VI. , 

39.  Pereiopods,  V. ,     ... 

40.  Knife-edge  of  propodite,  first  pereiopod,  VI. 

41.  Shears  of  first  pereiopod,  VII. 

42.  Carpopodite,  and  its  articulations  with  meropodite  and  propodite,  VII 

43.  Second  pereiopod,  chela  tip,  VI. 

44.  First  pereiopoa,  VTI. , 

45.  Secona,  third,  fourth,  and  fifth  pereiopods,  IV., 

46.  Third,  fourth,  and  fifth  pereiopods,  VII.,     ... 

47.  BMrst  pereiopod,  IV., 

48.  Tip  of  third  pereiopod,  VI. 

49.  Shears  of  first  pereiopod,  VI.,  long  dactylopodite,  p.  110. 

50.  Tip  of  fifth  pereiopoa,  VL 

51.  Shears  of  firat  pereiopod,  VL,  short  dactylopodite,  p.  110, 
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62.  lArva,  I. ,  side  view, 

53.  Abdomen,  VI. ,  side  view, 

54.  Ventral  process  of  fourth  abdominal  segment,  VII. 
oo.         ,,  ,,  fifth  ,,  ., 
56.  Abdomen,  VII.,  side  view, 
67.  Larva,  II., 
58.       „       v., 
69.  Moulted  carapace,  I., 

60.  Young  shrimp,  VI. , 

61.  Inner  border  of  fifth  pleopod,  VI. 

62.  Third  pleopod,  VII. , 

63.  Ventral  process  of  first  abdominal  segment,  VII. 

64.  Fourth  pleopod,  VII. , 
66.  Endopodite  of  first  pleopod,  VII. 

66.  Second  pleopod,  Vll.j 

67.  Larva,  III. , 

68.  Third  pleopod,  VI. , 

Plate  VL 

Fig.  169.  Pleopod,  IV. 

Fig.  170.  Larva,  IV., 

Fig.  171.  Second  pleopod,  VI., 

Fig.  172.  First  „       VI.,  ...  

Fig.  173.  Fifth  „        VI ...  

Fig.  174.  Endopodite  of  fifth  pleopod,  VII. 

Fig.  175.  Fifth  pleopod,  VIL. 

Fig.  176.  First        „        V., 

Fig.  177.  Endopodite  of  third  pleopod,  VII. 

Fig.  178.  „  second     ,,        VII. 

Fig.  179.  „  fourth     „        VH. 

Fig.  180.  Young  shrimp,  VIL, 

Fig.  181.  First  pleopod,  VIL, 

Fig.  182.  Endopodite  of  fifth  pleopod,  VH. 

Fig.  183.  Pleopod,  III., 

Yia   184  I 

Fig.  186.  Fourth  pleopod,  VI., 

Fig.  186.  Rostrum  and  eyes,  VI. ,  dorsal  view, 

Fig.  187.  Cephalic  region,  VI.,  ventral  view. 

Fig.  188.  Rostrum,  vL,  side  view,   ... 

Fig.  189.  Anterior  portion  of  carapace,  VIL,  dorsal,    .. 

Fig.  190.  Carapace,  VU.,  side  view. 

Fig.  191.  Tip  of  dactylopodite  of  third  pereiopod  of  adult  shrimp,  ventral 

Fig.  192.  Thorax,  VL,  ventral  view. 

Fig.  193.  Tip  of  dactylopodite  of  fifth  pereiopod  of  adult  shrimp,  seen 

obliquely  irom  below. 

Fig.  194.  Thorax,  Vll. ,  ventral  view. 

Fig.  196.  Anterior  region,  VII.,  dorsal  view,  rostrum  removed. 

Fig.  196.  Tip  of  dactylopodite  of  fifth  pereiopod  of  adult,  side  view. 

Fig.  197.  Anterior  cephalic  resion,  II.,  ventral  view. 

Fig.  198.  Labrum,  labium,  and  mandible,  I. 

Fig.  199.  Carapace,  VI. ,  dorsal  view,  ...  ...  ...  ...      x   40 

Fig.  200.  Plumose  hair  from  hind  lateral  border  of  carapace,  VI. 
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GENERAL   REMARKS. 

In  Part  III.  of  the  Eighteenth  Annual  Report  of  the  Fishery  Board  for 
Scotland,  I  published  some  notes  on  the  Parasites  of  Fishes  that  had  been 
observed  for  the  most  part  during  the  preceding  year. 

In  that  paper  my  observations  were  limited  entirely  to  parasites 
belonging  to  the  Crustacea.  In  the  present  paper  I  continue  my  observa- 
tions on  Crustacean  parasites,  but  I  also  record  a  number  of  other  forms 
belonging  to  the  Hirudinea,  or  leeches,  and  the  Trematoda.  These, 
which  form  the  subject  of  a  separate  section  of  this  paper,  have  for  the 
most  part  been  observed  on  the  skin  and  gills  of  fishes  captured  off  the 
coast  of  Scotland  by  the  ''Garland";  some  interesting  forms  have  also 
been  obtained  on  fishes  received  from  the  people  in  charge  of  the  salmon 
fishings  in  the  vicinity  of  the  Fishery  Board's  Laboratory  at  Bay  of  Nigg. 

But  in  addition  to  the  study  of  the  various  creatures  referred  to  above, 
my  attention  has  also  been  directed,  as  opportunities  occurred,  to  the  study 
of  the  Entozoa  of  fishes.  This  has  been  done  for  the  purpose  of  acquiring 
some  knowledge  of  the  more  characteristic  forms  belonging  to  that  group  ; 
and  with  reference  to  these  organisms,  it  is  almost  superfluous  to  say  that 
from  their  peculiar  habits  of  life,  and  the  remarkable  transformations 
which  many  of  them  undergo,  their  study,  though  one  of  the  most  interest- 
ing, is  also  one  of  the  most  difiicult  that  can  engage  the  attention  of  the 
zoologist.  These  forms  are  still  being  studied,  and  I  hope  to  be  able  to 
prepare  some  notes  about  them  later  on.  Meantime  I  have  to  state  that 
the  records  and  observations  which  follow  here  are  divided  into  two  parts. 
The  first  part  refers  exclusively  to  Crustacean  parasites  belonging  to  the 
Copepoda;  while  the  second  part  will  include  only  such  organisms  as 
belong  to  the  Hirudinea  and  the  ecto-parasitic  Trematoda. 

It  has  been  necessary,  for  the  elucidation  of  some  of  the  species  recorded 
in  both  parts,  to  give  drawings  of  several  of  them  showing  their  charac- 
teristic forms  as  well  as  of  some  of  their  appendages ;  these  drawings 
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have,  as  before,  been  done  by  my  son,  Mr.  Andrew  Scott,  assisted  by 
Mrs.  Scott. 

Mr.  Peter  Jamieson  has  also,  as  formerly,  been  of  muc^  nsistance  to 
me  by  the  collection  of  specimens. 

PART  I.— COPEPODA  PARASITA. 

The  Copepoda  mentioned  in  the  sequel  include  several  species 
recorded  in  my  former  paper,  but  concerning  which  I  am  now  able  to 
give  some  additional  information.  A  few  are  also  recorded  which  have 
not  previously  been  observed  in  Scottish  waters. 

Fam.  Ebqabilida. 

Qenus  Bomolochtu,  Nordmann  (1832). 
Bomolochua  eolece^  Glaus. 

1864.     BomolochuB  sdUrn^   Claus,   Zeitschrift  fiir  Wissenschaft. 
ZooL,  vol.  xiv.,  p.  374,  PL  XXXI. 

In  my  previous  note  on  this  species  I  stated  that  it  had  been  obtained 
on  specimens  of  the  common  Sole,  SoUa  wlgariSy  captured  in  the  Firths  of 
Forth  and  Clyde  as  well  as  in  the  Humber  near  Grimsby.  I  have  now 
to  report  the  occurrence  of  what  appears  to  be  undoubtedly  the  same 
species  in  the  nostrils  of  a  number  of  different  kinds  of  fishes,  captured 
in  the  vicinity  of  Aberdeen  and  the  Moray  Firth.  As  many  as  twenty- 
nine  specimens  of  this  Copepod  have  been  obtained  in  the  nostrils  of  a 
single  large  cod  caught  in  the  Moray  Firth  by  the  "Garland,''  and  sent 
to  the  Laboratory  at  the  Bay  of  Nigg.  The  following  is  a  list  of  the 
fishes  in  the  nostrils  of  which  the  Bomolochus  referred  to  has  been 
obtained.* 

Cydopterus  lumpus,  L.,  the  Lumpsucker,  Bay  of  Nigg;  Copepods 
not  common  in  nostrils. 

fOadus  callariuSf  L.,  the  Cod,  Moray  Firth  and  vicinity  of  Aber- 
deen ;  Copepods  frequent  in  nostrils. 

Oadus  ceglejinus,  L.,  the  Haddock,  Moray  Firth ;  Copepods  not 
common  in  nostrils. 

Gadus  merlanguSt  L.,  the  Whiting,  Moray  Firth ;  Copepods  not 
common  in  nostrils. 

Oadus pollcichituf,  L.,  the  Pollack  or  Lythe,  Bay  of  Nigg;  Copepods 
frequent,  but  scarcely  so  much  so  as  in  the  nostrils  of  the  cod. 

Pleuronectes  plaiesjia^  L.,  the  Plaice,  Moray  Firth ;  Copepods  not 
common  in  nostrils. 

Pleuronectes  fiesus,  L.,  the  Flounder,  Bay  of  Nigg ;  Copepods  not 
very  rare  in  nostrils. 

Solea  vulgaris^  Quen.,  the  Common  or  Black  Sole,  Copepods  found 
occasionally  adhering  to  the  skin. 

The  Bomolochus  has  been  found  much  more  frequently  in  the  nostrils  of 
the  Cod  than  in  those  of  any  other  fish  which  I  have  investigated;  indeed 
there  are  few  codfishes  of  moderate  size  which  I  examined  that  we^  not 
found  to  harbour  Bomolochus  in  their  nostrils.      Frequently,  not  only 

*  See  also  Ann,  Scot.  NaL  Hist.  (July,  1900),  p.  158. 

t  My  8on»  Mr.  Andrew  Scott,  has  found  the  same  Bomolochus  in  the  noetrils  of  oodfiah 
oanght  in  Barrow  Channel,  near  Barrow-in-Furness,    Lftncashire    (XffA  Ann,  Jttpl 
l,M.B,0.t  Dec.,  1900,  p.  12). 
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adult  males  and  females  (the  latter  commonly  with  ovisacs)  are  ohserved, 
but  also  young  ones  in  all  stages  of  development,  clearly  indicating  that 
the  Oopepodes  are  quite  "  at  home''  in  this  curious  domicile.  This  habit 
on  the  part  of  Bomolochus  solem  is  the  more  interesting  when  it  is 
remembered  that  it  is  a  '*  free  living"  species,  and  that  there  appears  to  be 
nothing  to  hinder  it  from  leaving  the  nostrils  of  the  fish,  for  it  can  move 
freely  about  amongst  the  mucus  with  which  the  nostrils  are  usually 
well  supplied,  and  if  the  Copep>ods  are  removed  and  placed  in  clean  sea 
water  they  may  be  seen  swimming,  or  running  about  the  sides  of  the 
vessel,  with  nearly  as  much  agility  as  a  "free-swimming"  species. 
Judging  from  the  number  of  adult  and  young  specimens  found  in  the 
nostrils  of  a  single  cod  it  is  evident  that  the  Bomoloehua  not  only  lives 
and  propagates  in  this  strange  abode,  but  finds  the  conditions  of  life, 
amid  such  surroundings,  fairly  satisfactory,  even  though  the  accommoda- 
tion be  somewhat  limited ;  one  point  in  the  Copepod's  favour  is  that  it 
has  plenty  of  food,  and  is  well  sheltered  from  its  enemies. 

Quite  recently,  and  after  this  paper  had  been  sent  to  the  printer,  I 
obtained  the  heads  of  a  number  of  Ling,  Molua  molva  (L.),  from  the 
Fish  Market  at  Aberdeen,  and  in  the  nostrils  of  several  of  them  specimens 
of  a  Bomolochus  not  unlike  those  found  in  the  nostrils  of  the  fishes 
mentioned  above,  but  somewhat  larger,  were  observed.  This  adds 
another  species  to  the  list  of  fishes  in  the  nostrils  of  which  Copepods  are 
found  to  live.  I  have,  moreover,  to  record  the  occurrence  of  Bomolochus 
sp.  on  the  gills  of  a  Four-bearded  Hockling,  Onos  cimhrius  (L.),  from 
the  Firth  of  Forth,  collected  as  far  back  as  1892,  and  also  specimens  of  a 
Bomolochus  sp.,  which  were  obtained  on  the  back  of  a  small  Zeugopterus 
pundaius  (BL),  captured  by  the  *'  Garland  "  near  the  mouth  of  the  Clyde 
estuary  in  September  1897.  At  present  I  am  unable  to  say  whether 
all  these  Bomolochus  belong  to  the  one  species  or  not,  that  will  be 
determined  later ;  meantime,  it  is  interesting  to  observe  how  extensively 
Bomolochus  is  associated  in  one  way  or  another  with  the  fishes  of 
our  seas. 

Genus  Thersites,  Pagenstecher  (1860). 
Thersites  gasterosteus,  Pagenstecher. 

1861.  Thersites  gasterosteus^  Pagenstecher,  Arch.  f.  Naturg.,  vol 
xvii.,  p.  118,  PI.  VI.,  fig8.  1-9. 

In  my  paper  on  the  Parasites  of  Fishes  published  in  the  Eighteenth 
Annual  Report,  Part  III.,  I  stated  that  Thersites  gasterosteus  had  bean 
obtained  on  the  inside  of  the  gill-covers  of  Gasterosteus  aculeaius^  from 
Barra,  Outer  Hebrides,  and  in  the  Forth  near  Alloa ;  and  that  it  had  also 
been  observed  on  Gastrcea  {Gasterosteus)  spinachioy  from  Loch  Etive.  I 
have  now  to  record  its  occurrence  on  Gasterosteus  aculeatus  captured  in  the 
brackish  pools  on  the  Aberdeen  links,  between  the  mouth  of  the  River 
Don  and  the  golf-course,  on  September  1 1th,  1900.  Thersites  appeared 
to  be  a  comparatively  common  species  here,  as  it  was  observed  on  nearly 
every  one  of  the  specimens  of  Gasterosteus  captured.  Both  males  and 
females  were  observed,  and  many  of  the  latter  were  carrying  ovisacs. 

Genus  ErgasUus,  Noi-dmann  (1832). 

Ergasilus  nanus,  E.  van  Beneden.    (PL  YII.,  figs.  1-8.) 

1 870.  Ergasilus  nanus,  P.  J.  v.  Beneden,  Les  Poissons  des  ct^tes  de 
Bdgique,  leurs  parasites  et  leurs  commensaux,  p.  27,  PI.  I.» 
fig.  6  (recorded  and  figured  but  not  described  in  this  work). 
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Description  of  the  female, — The  body,  which  is  elongated,  is  moderately 
stout  anteriorly,  but  tapers  gradually  to  the  narrow  posterior  extremity. 
Its  length  from  the  broadly  rounded  forehead  to  the  end  of  the  caudal 
furca  is  1*2  mm.  (about  ^  of  an  inch).  The  cephalothoracic  segment 
is  large,  and  when  seen  from  above  is  somewhat  pear-shaped  in  its  general 
outline;  the  widest  part  of  the  segment,  which  is  equal  to  fully  half  its 
length,  is  about  one-third  of  its  length  from  the  anterior  end ;  while  at 
about  one-third  of  its  length  from  the  posterior  end  there  is  a  distinct 
though  not  very  deep  contraction,  which  seems  to  indicate  that  an 
articulation  has  here  become  obsolete^  and  that  this  segment  is  really 
composed  of  two  coalescent  segments.  The  remaining  thoracic  segments 
are  small,  cus  shown  by  the  full-sized  drawing  (fig.  1). 

The  antenntdes  arid  antennce, — The  antennules  are  short,  apparently 
only  five-jointed,  and  moderately  setiferous  (fig.  2) ;  the  first  joint  is 
proportionally  larger  than  any  of  the  others ;  the  proportional  lengths  of 
the  joints  are  indicated  approximately  by  the  annexed  formula  : — 

Numbers  of  the  joints,  1.2.8.4.5 

Proportional  lengths  of  the  joints,      26  .  12  .  10  .  9  .  11 

The  antennae  are  large  and  strong,  and  are  apparently  used  as  powerful 
grasping  organs ;  they  are  each  three-jointed,  and  the  second  and  third 
joints,  which  are  elongated,  are  fully  twice  the  length  of  the  basal  joint ; 
each  antenna  is  armed  with  a  strong  slightly  curved  terminal  claw,  nearly 
half  as  long  as  the  joint  to  which  it  is  articulated  (fig  3). 

Oral  appendages, — The  oral  appendages  in  ErgasUus  nanus  are 
apparently  more  or  less  obsolete  or  rudimentary. 

Thoracic  feet, — ^The  first  four  pairs  of  thoracic  feet  which  are  all  well 
developed,  are  each  of  them  two-branched ;  in  the  first  three  pairs  the 
branches  are  each  three-jointed,  but  in  the  fourth  pair,  while  the  inner 
branches,  like  the  branches  of  the  other  three  pairs,  are  three-jointed,  the 
outer  branches  are  only  two-jointed  (figs.  4-6).  In  the  fifth  pair,  each 
foot  consists  of  a  single  uniarticulate  branch,  subcylindrical  in  outline,  and 
with  the  apex  somewhat  truncated  and  furnished  with  about  three  setae 

(fig-  7). 

The  abdomen, — This  portion  of  the  animal  is  comparatively  short,  while 

the  caudal  furca  are  scarcely  equal  in  length  to  the  last  abdominal 
segment.  The  specimen  was  provided  with  two  large  ovisacs  of  a  light- 
bluish  colour,  and  contained  numerous  ova  (fig.  8). 

Habitat, — Found  adhering  to  the  gills  of  a  Thick-lipped  Grey  Mullet, 
Mugil  chelo,  Cuv.^ caught  in  the  salmon-nets  at  Bay  of  Nigg,  near  Aberdeen, 
July  30th,  1900.  It  seems  to  be  a  rare  species,  for,  though  neveral  mullets 
were  examined,  only  one  specimen  of  Ergasilus  was  observed. 

Remarks, — One  of  the  characters  by  which  the  Ergasilus  may  be  . 
readily  distinguished  from  either  Bomolochus  or  Thersites,  is  the  great 
disproportion  between  the  long  and  powerful  antennre  and  the  short 
antennules,  when  compared  with  the  same  appendages  in  the  other  two 
genera  named.  This  character  is  not  peculiar  to  Ergasilus  nanus,  but 
appears  to  be  common  more  or  less  to  all  the  members  of  the  genus. 
These  long  antennae,  armed  as  they  are  with  strong  terminal  claws,  enable 
the  parasite  to  grasp  securely  the  gill  filaments  of  the  fish  to  which  it 
attaches  itself.  In  Thersites,  on  the  other  hand,  the  antennae,  though 
moderately  stout  and  armed  with  terminal  claws,  are  shorty  even  more  so 
than  the  antennules.  The  pear-like  form  of  the  cephalothoracic  segment 
does  not  appear  to  be  peculiar  to  ErgcMus  nanus,  though  it  is  perhaps 
more  obvious  in  that  species;  but  it  is  interesting  to  note  that  the 
drawing  of  the  parasite  given  by  Prof.  P.  J.  v.  Beneden  in  his  work  on 
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the  fishes  of  the  coast  of  Belgiam,  shows  the  cephalothoracic  segment 
to  have  practically  the  same  outline  as  that  represented  here. 

Ergasilus  sieholdii^  Nordmann,  found  on  the  Pike,  Esox  luclus,  and 
one  or  two  other  fresh- water  fishes  is,  as  figured  by  Prof.  C.  Claus,'^ 
somewhat  similar  to  JSrgasilus  nanus  in  its  general  outline,  and  in  one  or 
two  details  of  structure ;  it  will  be  observed,  however,  that  in  the  original 
description  of  this  Copepod  by  Nordmann,t  the  cephalothorax  is  more 
rotund,  the  abdomen  is  proportionally  rather  shorter  and  more  distinctly 
differentiated  from  the  thorax,  and  the  six-jointed  anteunules  are  shown 
to  be  rather  more  elongated  and  slender. 

Distribution. — Found  on  Mugil  chelo,  Cuv.,  caught  at  Ostend  and  on 
the  coast  of  Brittany  (P.  J.  v.  Ben.,  Poias.  d.  cdtes  d,  Bdg.f  p.  27).  On 
Mugil  chelOf  Cuv.,  caught  "  dans  les  environs  de  Saint-Yaast,  C6te8  de  La 
Manche "  (A.  E.  Malard,  Bull.  Soc  PhUom,  de  Paris  (8),  t.  ii..  No.  2, 
p.  30 — separate  reprint).  On  Mugil  cJielo,  Cuv.,  caught  in  the  Qulf  of 
Trieste  (Ed.  Graeffe,  Arbeit,  d.  Zool,  Inst,  z,  Wien^  t.  xiii., — Heft  1, 
p.  41,  1900). 

Fam.  Caligida. 

OenuB  Caligus,  MiiUer  (1785). 

Only  one  species  belonging  to  the  genus  Galigus  falls  to  be  noticed  at 
this  time,  viz. : — 

Galigus  scombri,  Basset-Smith.    (PL  VII.,  figs.  9,  10.) 

1898.     Caligus  scombri,  Basset-Smith,  Ann.  and  Mag.  Nat.  Hist., 
(7)  vol.  ii.,  p.  83.,  PI.  14.,  fig.  2. 

A  single  specimen  of  a  Caligus^  apparently  belonging  to  this  species, 
was  found  adhering  to  the  inside  of  one  of  the  gill-covers  of  a  Mackerel, 
Scomber  sconibrus,  Lin.,  caught  in  the  vicinity  of  Aberdeen,  August  17th, 
1900.     The  specimen  was  a  female,  no  male  was  obtained. 

It  will  be  observed  from  the  drawing  of  this  specimen  (fig.  9)  that  the 
cephalic  segment  does  not  greatly  exceed  the  thorax  in  length,  and  that 
the  abdomen  is  nearly  as  long  as  the  cephalic  shield ;  the  body  is  thus 
divided  into  three  nearly  equal  portions. 

The  sternal  fork  (fig.  10)  resembles  that  of  LepeqphiJieirus  thompsoni, 
Baird,  while  the  fourth  pair  of  feet  are  somewhat  like  those  of  Caligus 
diapTianus,  Nordm.  In  general  appearance  Caligus  scomh-i  is  not  very 
unlike  Lepeophtheirus  thompsoni,  and,  but  for  the  fact  that  it  pK)sse88e8 
frontal  lunuke,  might  be  mistaken  for  that  species. 

There  does  not  appear  to  be  any  previous  record  of  this  Caligus  for 
Scotland.  It  is  a  comparatively  small  species ;  the  specimen  represented 
*  by  the  drawing  measures  scarcely  5*5  mm  in  length,  from  the  forehead 
to  the  end  of  the  caudal  f  urea. 

Genus  Dinematura,  Latreille  (1827). 

Dinematura  producta  (0.  F.  Miiller). 

1785.      Caligus  produdus,  O.  F.  Miiller,   Entomostraca,  p.  132, 
PI.  XXL,  fig.  3. 

The  examples  of  Dinematura  producta,  recorded  in  my  paper  published 

*  Prof.  C.  Glaus,  Parasitiscbe  Copepoden  (Zeitschrift  fur  wiss.  Zool.,  BL   xzt.,  4), 
separate  copy.  p.  16,  PI.  XXIII.,  fig.  12  (1876). 

t  Prof.  A.  Nordmann,  Mflcrogr.  BeitrSge  s.  Naturg.  d.  Wirbel.  Thlero,  Zweites  Hoft, 
p.  16,  Taf.  II.  (1882). 
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last  year,  were  obtained  from  one  or  two  youn^  specimens  of  Porbeagle 
Sharks  lauded  at  Aberdeen  Fish  Market,  but  the  localities  where  these 
sharks  had  been  captured  could  not  be  given  with  certainty.  In  the 
present  paper  I  am  able  to  record  Dinematura  pi'oducta  from  sharks 
captured  at  two  different  places  close  to  the  shores  of  Scotland.  On 
November  16th,  1900,  a  Porbeagle  Shark  was  caught  off  Dunrobin  Castle, 
on  the  north  side  of  the  Moray  Firth,  during  some  investigations  that 
were  being  carried  on  there  on  behalf  of  the  Fishery  Board  ;  several  fine 
specimens  of  the  Dinematv/ra  were  obtained  on  this  shark.  These 
specimens,  which  are  finer  and  more  perfect  than  those  from  which  the 
drawings  for  my  previous  papers  were  prepared,  are  now  in  the  collection 
at  the  Laboratory  at  Bay  of  Nigg.  But  besides  these  specimens  from  the 
Moray  Firth,  I  have,  through  the  kindness  of  Prof.  D'Arcy  W .  Thompson, 
Dundee,  had  the  privilege  of  examining  a  few  fine  examples  of  the  same 
parasite  taken  from  a  Thrasher  Shark,  Alopia8  vulpes  (Gmel.),  captured 
near  Buddon,  Firth  of  Tay,  on  July  30th,  1889 ;  these  specimens  are  in 
the  Museum  of  University  College,  Dundee ;  they  are  specially  interesting 
from  having  been  obtained  on  a  Thrasher  Shark ;  the  shark  they  are  most 
frequently  found  upon  appears  to  be  the  Porbeagle. 

The  specimens  recorded  by  Dr.  Baird  (Brit.  Entom.,  p.  286)  were 
obtained  by  Dr.  Johnston  from  a  Porbeagle  Shark  captured  in  Berwick 
Bay  in  September  1834. 

Dinemaiura  serrata,  Eroyer. 

1863.    Dinemoura  serrata^  Kr.,  Bidrag  til  Kundskab  om  Snylte- 
krebsene  (1863),  p.  176,  PI.  Vin.,  fig.  4. 

HMtat, — Taken  on  a  Short  Sunfish,  Orthagorucus  mala  (L.),  at 
Banff  in  1862  by  the  late  Thomas  £dward. 

The  Rev.  A.  M.  Norman  informs  me  that  he  has  specimens  of  this 
species  in  his  collection  sent  to  him  by  Mr.  Edward.  The  species  when 
discovered  by  Edward  was  new  to  science,  and  the  Rev.  A.  M.  Norman, 
in  his  M.S.  notes,  gave  it  the  name  of  Monim  Jlmbriata.  Unfortunately 
no  description  of  the  parasite  was  published  till  Kroyer  did  so  in  1863 
under  the  name  which  it  now  bears.  The  species  will  bo  found  recorded 
under  Dr.  Norman's  M.S.  name  Monima  fimbriata,  in  the  Appendix  to 
Samuel  Smiles's  Life  of  Thomas  Edward,  p.  437  (1877),  as  one  of  the 
many  creatures  which  that  keen-sighted  naturalist  kidded  to  the  fauna  of 
Scotland. 

Grenus  Echthrogaleus,  Steenstrup  and  Liitkon  (1861). 

Eehthrogalius  coleqptratus  (Gu^rin). 

1817.     DinenicUura  coleoptrata,  Gu^rin,  Icon.  d.  r^gne  animal, 
vol.  iii.,  PL  XXXV.,  fig.  6. 

A  specimen  of  this  somewhat  rare  species  was  taken  from  the  fin  of  a 
Dogfish,  caught  to  the  east  of  Fair  Island  (between  Orkney  and  Shet- 
land), on  October  18th,  1900.  The  species  to  which  the  fish  belonged  is 
somewhat  uncertain,  as  the  fish  was  not  preserved  and  no  note  of  it  was  taken 
at  the  time  it  was  captured,  but  probably  it  was  a  young  Porbeagle  Shark, 
Lamiia  comubica.  The  specimens  of  Echihrogcdeus  recorded  in  my 
previous  paper  were  taken  from  the  fins  of  a  Porbeagle  Shark  landed  at 
the  Fish  Market  at  Aberdeen  ;  and  according  to  Dr.  Baird  (Brit.  Entom., 
p.  285),  the  same  species  of  EchthrogoLeus  was  obtained  by  the  late  Dr. 
Johnston,  Berwick-on-Twced,  also  from  a  Porbeagle  Shark,  captured  in 
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Berwick  Bay  in  1834.  Dr.  Basset-Smith  also  gives  Lamna  comubica  as 
the  host  of  the  Eehthrogaleua.  It  would  appear  from  Dr.  Johnston's 
remarks  on  the  habits  of  this  parasite  that  his  specimens  were  not 
obtained  on  the  fins,  but  were  found  adhering  to  the  ''sides  of  the 
branchial  covers  "  of  the  Porbeagle;  and  he  also  adds  that  it  "appears  to 
be  parasitical  on  several  species  of  fish."  He  does  not,  however,  give 
the  names  of  any  other  species  of  fish  on  which  Eckthrogaleae  was  found, 
nor  the  name  of  anyone  who  bad  found  this  parasite  on  other  fishes. 

Genus  Ceercps,  Leach  (1816). 

Oecrops  latreillii,  Leach. 

1816.     Gecrops  kUreillii,  Leach,  Ency.  Brit.  Suppl.,  vol.  i.,  p.  20, 
figs.  1-5. 

A  large  namber  of  specimens  of  Oecrops  were  obtained  on  the  gills  of  a 
Short  Sunfish  sent  from  Mallaig,  West  Coast  of  Scotland,  to  the 
Laboratory  at  Bay  of  Nigg  in  April,  1900  ;  the  specimens  comprised 
both  males  and  females. 

A  correspondent  (William  Evans,  Edinburgh)  has  kindly  forwarded  to 
me  the  following  interesting  extract  from  the  M.S.  minutes  of  a  meeting 
of  the  Royal  Physical  Society  held  in  Edinburgh  on  January  15th, 
1851 : — '' Specimens  of  Oecrops  UUreUle^  a  singular  parasitic  animal,  were 
exhibited  by  John  Stewart,  Esq.,  taken  from  the  giUs  of  a  Short  Sunfish 
captured  in  Glenluce  Bay."     This  bay  ia  part  of  Solway  Firth  district 

Fam.    DiGHBLBSTIDA. 

Genus  Olavdla,  Oken  (1815). 

OlaveUa  hippoglossi,  Kroyer.      (PL  VII.,  fig.  11.) 

1838.     OlaveUa  hippoglossi,  Kr.,  Naturh.  Tidsskrifb,  R.  i.,  vol.  i., 
p.  196,  PI.  XL,  fig.  3. 

In  my  paper  in  Part  III.  of  the  Eighteenth  Annual  Report  I  gave  a 
short  description  and  some  figures  of  the  female  of  this  species,  and  added 
that  no  males  had  been  observed.  In  the  present  paper  I  am  able  to 
record  the  discovery  of  a  single  male  specimen  of  Olavdla  hippoglotn^ 
which  occurred  amongst  a  considerable  number  of  females  taken  from  a 
Halibut  in  the  Fish  Market  at  Aberdeen  during  the  past  summer. 

This  male,  which  is  represented  by  the  drawing  on  Plate  VII.  (fig,  11), 
measures  only  about  1  *5  mm.  (about  ^  of  an  inch)  in  length.  The 
antennules,  like  those  of  the  female,  are  five  jointed.  The  antennae 
resemble  those  of  the  female,  but  are  much  more  strongly  hooked.  The 
head  is  proportionally  larger,  the  thorax  more  distinctly  segmented,  and 
the  genital  segment  considerably  shorter  than  in  the  female.  The 
abdominal  appendages  are  more  prominent  and  elongated,  as  shown  by 
the  drawing. 

The  males  of  Olavella  hippoglossi  are  apparently  very  rare ;  the  one 
now  recorded  is  the  onl^  one  I  have  seen,  though  many  specimens  of 
females  have  been  examined,  and  I  do  not  find  any  records  of  males  in 
any  of  the  works  on  fish  parasites  to  which  I  have  access.  Perhaps  one 
of  the  reasons  why  the  males  have  escaped  notice  hitherto  may  be  because 
they  are  so  small,  but,  whatever  the  reason,  it  is  evident  that  males  are 
not  80  common  in  proportion  to  the  females  as  they  are  found  to  be  in 
ttome  other  species,  6.^.,  in  Ohondracawthus  and  Brachidla. 
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Clavdla  labracis,  van  Benedcn. 

1870.  Clavella  Uibracis,  v.  Ben.,  Les  Poiss.  d.  cotes  d.  Belg., 
pp.  45-46,  PI.  I,  fig.  4.  (The  apeciee,  though  recorded  and 
figured,  is  not  described  in  this  work.) 

A  number  of  specimens  of  this  Clavella  were  obtained  on  the  gills  of 
specimens  of  the  Striped  Wrasse,  Lahrua  miaiue,  captured  in  the  Clyde 
near  Ayr,  January  30th,  1900.  The  species  is  a  small  one,  ova-beanng 
specimens  being  scarcely  a  millemetre  in  length,  but  though  the  copepod 
itself  is  small,  it  carries  comparatively  large  eggs ;  these,  however,  are 
few  in  number,  and  are  arranged  in  a  single  series.  Prof.  v.  Beneden 
has  found  Clavella  labracis  "in  abundance''  on  the  gills  of  Lahrus 
maculcftus,  Bloch  (L.  herggylta  Asc) ;  he  also  records  it  from  the  gills  of 
Lahrus  trimactUattis,  Gmel.  (L,  mixtus^  L. — the  same  species  of  fish  as 
that  on  which  I  also  found  the  CUweUa).  C.  labracis  appears  to  be  an 
addition  to  our  faiina. 

Grenus  OycnuSf  M.-Edwards  (1840). 

Cycnus  pallidus  (P.  J.  van  Beneden). 

1854.  Congericola  pallida,  P.  J.  van  Ben.,  Acad.  Roy.  Belg., 
t.  xxi.,  pt.  2,  p.  583. 

This  parasite  is  found  on  the  gills  of  the  Conger  Eel,  Conger  niger 
(Risso),  (C  vulgaris,  Cuv.),  and  is  recorded  in  my  former  paper  as  having 
been  taken  from  the  gills  of  a  conger  captured  in  the  Firth  of  Clyde.  I 
have  now  to  record  the  occurrence  of  the  same  parasite  on  the  gills  of  one 
or  two  Conger  Eels  captured  in  the  salmon-nets  at  the  Bay  of  Nigg  in 
July  and  August  1900.  A  few  Cycnus  were  obtaired  on  the  gills  of  a 
conger  caught  on  the  21st  July,  on  another  caught  on  the  23rd,  and  also 
on  one  caught  on  the  25th.  Several  other  specimens  were  taken  from 
the  gills  of  a  conger  captured  by  the  salmon  fishermen  on  August  4th, 
while  on  one  caught  on  August  16th  no  fewer  than  twenty  Cycnus  were 
observed.  All  these  examples  of  conger  were  of  moderate  size ;  two  of 
those  captured  in  July  measured  fully  four  feet  in  length,  while  the  one 
caught  on  August  16th  was  over  four  feet  nine  inches  long.  As  all  the 
large  congers  examined  hitherto  have  been  found  to  harbour  Cycnus  in 
fewer  or  larger  numbers,  it  would  seem  that  the  parasite  is  not  at  all  a 
rare  form.  Of  course,  its  occurrence  in  any  quantity  may  be  limited  to 
certain  areas ;  but  that  it  has  a  wide  distribution  is  apparent  from  the 
fact  that  it  has  been  on  obtained  on  the  gills  of  conger  at  Plymouth  by 
Dr.  Basset-Smith,  and  by  my  son,  Mr.  Andrew  Scott,  at  Piel,  Barrow- 
in-Furness.  It  has  also  been  recorded  by  P.  J.  v.  Beneden  from  the 
gills  of  conger  captured  on  the  coast  of  Belgium,*  and  by  Dr.  Graeffe 
from  the  same  species,  taken  in  the  (lulf  of  Trieste,  in  the  Adriatic. 

Fam.  LERNiEiDA. 
Genus  Lemceenictu,  Lesueur. 
Lemfvenicus  ftprattce  (Sowerby). 

1806.  Lemcea  spraitcB,  Sow.,  British  Miscellany,  ii.,  p.  17, 
PI.  LXVIII. 

In  my  previous  paper  on  Fish  Parasites  I  recorded  this  species  as  having 

*  This  author  does  not  appear  to  hare  found  the  parasite  very  common,  for  he  mys — 
*'  II  n'est  pas  abondant :  on  en  trouve  rarement  unc  demi-douzaine  dans  le  mdme  poisson  " 
(lies  Poiss.  d.  cdtes  d.  Belg.,  p.  82,  footnote). 
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been  observed  on  the  eye  of  a  Clupeoid  at  Leith,  Firth  of  Forth,  and  I 
liave  now  to  record  its  occurrence  on  the  eyes  of  sprats  captured  in  the 
Sol  way  Firth  near  Annan.  One  of  the  specimens  of  Lernceenicus  was 
observed  on  the  eye  of  a  sprat  captured  on  the  24th  of  May,  and  two  on 
sprats  captured  on  November  27th,  1900.  The  specimens  were  observed 
by  Dr.  Fulton,  our  Superintendent,  who  kindly  handed  them  over  to  me. 
This  is  the  first  time  Lemoeeniau  spraitas  has  been  recorded  for  the  West 
of  Scotland. 

Genus  Lemcea^  Linn^  (1767). 
Lemcea  minuta,  T.  Scott. 

1900.  Lemcea  mintUa,  T.  Scott,  Eighteenth  Annual  Report  of 
the  Fishery  Board  for  Scotland,  Pt.  III.,  p.  161,  PI.  VII., 
fig.  13. 

This  small  Lemcea  was  described  and  figured  in  Part  III.  of  the 
Eighteenth  Annual  Report  of  the  Fishery  Board  for  Scotland,  from 
specimens  obtained  on  Gobius  mirnUus  sent  to  the  Laboratory  from  Annan 
(Solway  Firth).  Several  additional  specimens  of  this  Lemcea  have  been 
obtained  on  examples  of  the  same  species  of  Goby  captured  at  Annan  on 
October  31st,  1900,  and  forwarded  to  the  Laboratory.  Annan  is  still  the 
only  locality  where  this  species  has  been  obtained.  N'o  males  have  yet 
been  observed. 

Lemcea  lumpi^  T.  Scott     (n.  sp.)     (PI.  VII.,  fig  12.) 

The  somewhat  curious  parasite  which  I  record  here  under  the 
name  of  LerruBa  lumpi  was  obtained  on  the  gills  of  a  moderately  large 
adult  female  Lumpsucker,  Oydopterus  lumjms,  Lin.,  captured  in  the 
salmon-nets  at  the  Bay  of  Nigg,  near  Aberdeen,  March  29th,  1900. 

The  parasite  is  about  two  inches  in  length  (50  mm.).  It  is  moderately 
slender,  and  a  portion  of  the  posterior  end  is  bent  round  so  as  to  assume 
a  hook-like  form, — this  part  of  the  body  is  not  sigmoid  as  in  Lemcea 
branchialis.  The  cephalic  appendages  are  not  so  greatly  developed  as  in 
that  species;  the  neck  is  long  and  slender  and  gradually  merges  into 
the  somewhat  stouter  posterior  part  of  the  body.  There  is  a  distinct 
constriction  between  the  genital  segment  where  the  ovisacs  are  attached 
and  the  caudal  portion  of  the  body,  and  as  I  have,  so  far,  only  seen  one 
specimen  of  the  parasite,  I  am  unable  to  say  whether  the  constriction  is 
normal  or  accidental.  The  ovisacs  are  small,  and,  as  is  usual  in 
Lemceay  they  are  also  more  or  less  twisted. 

The  head,  and  a  portion  of  the  neck  measuring  about  three-quarters 
of  an  inch,  were  buried  amongst  the  tissues  of  one  of  the  gill-arches  of 
the  Cydoptervs. 

Only  the  one  specimen  of  the  LemcBa  was  observed,  notwithstanding 
that  nearly  two  hundred  Lumpsuckers  were  examined ;  it  would  appear 
from  this  to  be  a  moderately  rare  species.  Lemcea  lumpi  is  the  largest 
member  of  the  genus  I  have  yet  observed. 

Fam.    CHONDRAOANTHIDiE. 

G^enus  Sphyrion,  Cuvier  ( 1 830). 
Sphyrion  lumpi  (Kroyer).     (PI.  VII.,  fig.  13.) 

1845.     Lestee  lumpiy  Xr.,  Dan  marks  Fiske,  vol.  ii.,  p.  217. 
1863.     Lesteira  lumpi,   Kr.,    Bidrag   til  Kundskab  om  Snylte- 

krebsene,  p.  325,  PI.  XVIII.,  fig.  5. 
1899.     Sphyrion  lumpi,  Basset-Smith,  Proc.  Zool.  Soc.    (April 

1899),  p.  489. 
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A  damaged  specimen  of  this  curious  species  was  obtained  on  a  Lump- 
sucker,  Cydopterus  lumpus,  L.,  captured  in  the  salmon-nets  at  Bay 
of  Nigg  on  April  23rd,  1900.  When  observed,  the  specimen  was  minus 
the  head,  owing  probably  to  the  fish  having  been  roughly  handled. 
The  specimen  also  appeared  to  be  somewhat  immature,  but  there  can  be  no 
doubt  as  to  its  identity  with  the  species  to  which  it  is  ascribed.  The 
drawing  on  Plate  II.  gives  a  fairly  accurate  representation  of  the 
specimen,  which  measures  13.2  mm.  or  fully  half  an  inch  in  length, 
exclusive  of  the  caudal  appendages. 

Sphyrion  lumpi  seems  to  be  a  rare 'species ;  the  only  British  locality 
where  it  is  said  to  have  been  found  is  Dungenesss,  and  even  that  is  doubt- 
ful ;  while  on  the  Continent  it  does  not  appear  to  have  been  observed  any- 
where but  in  Denmark.  The  Rev.  T.  R.  R.  Stebbing  records  a  closely 
allied  species  (Sphyrion  Icemgatum,  6u6rin-M6neville),  from  Mossel 
Bay,  Cape  of  Good  Hope,  taken  from  the  abdomen  of  a  *'Ling," 
Genypterus  hlacodea  {Report  of  the  Marine  Biologist  (1898),  published 
by  the  Department  of  Agriculture,  1899,  p.  198);  and  G.  M. 
Thomson  records  the  same  parasite  (also  from  Genypterus  Uacodes) 
from  New  Zealand  (Trans.  N.Z.  Inst.,  vol.  xxii.  (1889),  p.  370,  PI. 
XXVIII.,  fig.  4). 

Genus  Ghondracanthus^  De  la  Roche  (1811). 

Chondracanthus  omatus,  T.  Scott.    (PL  VIL,  fig.  U.) 

1900.     Ghondracanthvs  omatua,  T.   Scott,    Eighteenth   Annual 
Report  of  the  Fishery  Board  for  Scotland,  Part  III.,  p.  168. 

This  species,  which  was  described  in  Part  III.  of  the  Annual  Report 
referred  to,  was  obtained  on  the  gills  of  Spotted  Dragonets,  CcUlionymue 
mactdatus  Raf.,  captured  in  the  Firth  of  Clyde  and  the  Moray  Firth.  I 
have  now  to  record  the  occurrence  of  the  same  Chondracanthus  from  the 
gills  of  a  CallUmymus  captured  about  50  miles  to  the  east  of  Fair  Island 
(between  Orkney  and  Shetland),  on  the  19th  October,  1900.  This  record 
extends  the  distribution  of  C.  omatus  very  considerably. 

When  preparing  a  description  of  the  species  for  my  previous  paper, 
want  of  time  prevented  me  from  adding  any  drawings  to  illustrate  its 
form  or  structure,  and  I  take  this  opportunity  to  present  a  full-sized 
figure  of  the  species  prepared  from  a  fairly  typical  specimen ;  this 
figure  shows  the  animal  as  seen  from  [above.  In  the  description  of  the 
species  the  following  statement  occurs: — "This  Copepod  viewed  from 
above  has  a  general  outline  closely  similar  to  that  of  an  equilateral 
triangle,  the  bluntly  rounded  head  forming  the  apex  and  the  truncate 
posterior  end  the  base.  The  front  of  the  head  is  indistinctly  trilobed,  one 
lobe  being  in  the  centre  and  projecting  slightly  in  front  of  the  two 
lateral  lobes,  which,  like  the  central  one,  are  bluntly  rounded.  The 
neck  connecting  the  head  with  the  thorax  is  very  short.  Along 
each  side  of  the  thorax  (forming  the  sides  of  the  triangle)  there  are 
three  or  four  more  or  less  distinct  tubercles,  and  a  series  of  three 
similar  tubercles  extends  along  the  middle  of  the  dorsum.  The 
posterior  tubercle  of  the  middle  series  stands  well  up,  but  each  of 
the  other  two  stands  at  a  slightly  lower  elevation  than  the  one 
immediately  behind.  The  abdomen  is  exceedingly  small  and 
inconspicuous.  The  ovisacs  are  of  moderate  length  and  stoutness,  like 
those  of  Chondracanthus  limandce"  The  arrangement  and  position  of 
the  lateral  tubercles  seem  to  vary  slightly  in  different  specimens.  No 
males  have  yet  been  observed. 
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Though  C  omatus  is  of  comparatively  moderate  size,  being  about 
5  mm.  in  length,  and  as  much  in  width  at  the  posterior  end,  it  is  so 
well  concealed  by  the  gill-cOYers  that  it  easily  escapes  notice,  and  it  is 
only  by  turning  back  the  gill-covers  that  one  can  make  sure  whether 
the  Chondracanthua  is  present  or  not. 

Fam.    LERNJSOPODIDiE. 

Genus  CharoptnvSf  Kroyer  (1863). 

Charopinus  dalmanni  (Retzius).     (PI.  VII.,  fig.  16.) 

1831.     LemcBa    dcUmannii^    Retzius,   Froriep's   Notizen,   zxiz., 
p.  617,  PI.  VL,  fig.  6. 

1863.     Charopinus  dcUmanniiy  Kr.  Bidr.  til  Kundsk.  om  Snyltekr., 
p.  280,  PL  XIV.,  fig.  6. 

This  species  was  obtained  in  the  nasal  fossss  of  a  Grey  Skate,  Rata 
batis,  captured  in  the  Moray  Firth,  November  16  th,  1900.  This,  I 
think,  is  a  new  station  for  the  species  in  Scotland.  The  drawing  (fig. 
16)  shows  a  side  view  of  the  modified  extremities  of  the  second 
maxillipedes,  by  means  of  which  it  is  anchored  securely  to  its  host. 
The  form  which  this  modification  assumes  becomes  one  of  the  chief 
characters  for  distinguishins  this  species  of  Charopinus  from  the  others. 
The  importance  of  this  character  is  also  referred  to  in  the  description 
of  the  next  species — C  ramosus,  Kroyer. 

Charopinus  ramosus,  Kroyer.     (PI.  VII.,  figs.  17-23.) 

1863.     Charopinus  ramosus^   Kr.,   Naturh.  Tidsskr.,  R.  iii.,  p. 
284,  PI.  XIV.,  figs.  5,  a-i. 

Charopinus  ramosuSj  Kr.,  is  a  comparatively  small  species ;  the 
specimen  represented  by  the  drawing  (fig.  17)  measures  from  the  fore- 
head to  the  extremity  of  the  posterior  appendages  only  nine  millimeters, 
whereas  C,  dubius  is  about  twice,  and  C,  dalmanni  four  times  that 
length.  The  most  important  and  characteristic  difierence,  however,  is  in 
the  form  assumed  by  the  extremities  of  the  second  maxillipedes.  These 
appendages  are  united  near  their  distal  ends  by  their  inner  surfaces,  but 
instead  of  forming  at  their  junction  a  chitonous  plate  like  C  duhius^  each 
maxilliped  terminates  in  a  lateral  biramose  process^which  penetrates  the 
tissues  of  the  host. 

In  the  few  specimens  of  Charopinus  ramosus  I  have  seen,  the  terminal 
rami  of  the  second  maxillipedes  are  more  divaricate  than  they  are  shown 
to  be  in  Kroyer's  figure,  but  this  difference,  which  seems  to  be  unimpor- 
tant, may  be  due  to  the  position  in  which  the  parasites  were  attached  to 
the  fish. 

Charopinus  ramosus  was  obtained  on  the  gills  and  gill-arches,  both  of 
Raia  davata  and  Raia  maculata  landed  at  the  Fish  Market  at  Aberdeen 
on  June  27th,  1900,  but  it  appeared  to  be  somewhat  rare. 

Charopinus  dubius  (T.  Scott).     (PI.  VII.,  fig.  15.) 

1900.     Charopinus  dubius^  T.  Scott,  Eighteenth  Annual  Report 
of  the  Fishery  Board  for  Scotland,  Pt.  m^  p.  170. 

A  few  more  specimens  of  Charvpinus  dubius  have  been  obtained  on 
the  gills  and  gill-arches  of  some  specimens  of  Raia  circularis  landed  during 
the  pHst  year  at  the  Fish  Market  at  Aberdeen. 

This  species  is  intermediate  in  size  between  Charopinus  dalmanni  and 
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Gh,  ramosus,  and  like  the  latter  it  has  only  hitherto  been  obtained 
attached  to  the  gills  or  gill-arches  of  its  host  and  not  in  the  nasal  fossae. 
It  appears  to  be  a  more  common  species  than  Ch.  ramosus,  being  found 
with  moderate  frequency  on  the  specimens  of  Eaia  circtdarU  which 
have  so  far  been  examined.  Tlie  most  distinctive  specific  character  of 
Gh.  dubius^  as  stated  in  the  description  of  the  species  published  in  my 
former  paper  on  the  Parasites  of  Fishes,  is  the  form  assumed  by  the 
extremities  of  the  second  maxillipedes,  which  are  modified  so  as  to  enable 
the  parasite  to  anchor  itself  to  the  fish.  In  this  species  the  maxillipedes 
unite  at  their  extremities  and  form  a  single  horny  or  chitonous  enlarge- 
ment^ which  differs  in  form  from  that  of  the  same  appendages  in  Gh. 
dalfnanni  and  Gh.  ramosw. 

In  my  previous  paper  on  Fish  Parasites,  it  was  pointed  out  that^ 
according  to  Kroyer,  the  more  important  characters  by  which  Gharopinus 
dalmanni  (Retz.)  and  Gh.  ramosus  are  distinguished  are  taken  chiefiy 
from  the  form  assumed  by  the  apices  of  the  second  maxillipedes,  and 
therefore  in  the  present  paper  I  give  figures  of  the  apical  portions  of  the 
second  maxillipedes  of  all  the  three  species  mentioned  in  the  foregoing 
notes;  these  figures  are  placed  in  juxtaposition  that  they  may  show  more 
^clearly  the  differences  that  exist  between  these  three  Gharopini, 

In  Gharopinus  dalmanni  the  apices  of  the  second  maxillipedes,  though 
placed  closely  side  by  side,  as  shown  in  Plate  VIII.,  fig.  6,  of  my  previous 
paper,*  are  not  adherent  to  each  other,  and  if  they  be  viewed  from 
the  side  they  are  seen  to  have  each  a  semilunate  form  (see  fig.  17,  PL  YII. 
of  the  present  paper),  they  are  thus  enabled  to  grasp  a  portion  of  the 
tissue  into  which  they  have  been  inserted,  and  which  has  in  some  way 
through  contact  with  them  become  modified  and  hardened,  and  as  the 
apices  themselves  have  become  considerably  enlarged  they  are  able  to 
obtain  a  firm  and  secure  hold  of  that  part  of  the  host  to  which  the 
parasite  has  in  this  way  attached  itself.  In  Gharopinus  ramosus,  on  the 
other  hand,  the  second  maxillipedes,  as  already  stated,  become  coalescent 
near  the  distal  end  and  there  send  out  on  each  side  a  moderately  large 
biramose  appendage,  the  rami  of  which,  though  in  some  cases  as  figured 
by  Kroyer,  not  much  separated,  are  in  other  examples  considerably 
divergent  (fig.  17,  PI.  YII.).  In  Gharopinus  dvbius  the  second  maxilli- 
pedes become  coalescent  at  the  apex  and  develop  a  moderately  large 
horizontal  appendage,  which  is  of  a  brownish  colour  and  a  hard  structure ; 
when  perfect,  this  appendage  is  in  general  appearance  somewhat  boat- 
shaped,  and  having  the  ends  slightly  turned  up  (fig.  16,  PI.  VII.).  On  the 
under  side  of  the  appendage  there  is  what  appears  to  be  ;a  disk,  of  an 
oval,  or  in  some  cases  of  a  nearly  circular  form,  probably  caused  by  a  fold 
of  the  under  surface,  and  it  sometimes  happens  that,  if  one  is  not  very 
careful  in  dissecting  out  an  appendage  from  the  tissues  in  which  it  is 
embedded,  the  ends  of  it  may  get  broken  off  and  only  the  disk-like  central 
portion  is  left.  The  second  maxillipedes  of  the  specimen  from  which 
the  speoies  was  described  appear  to  have  been  injured  in  the  way  I  have 
indicated,  and  hence  the  remark  that  "  The  second  maxillipedes  .  .  . 
are  joined  to  each  other  at  the  apex  by  small  horn-coloured  plugs  which 
unite  to  form  a  thin  circular  homy  disk,  hollow  in  the  middle,  with  the 
margins  slightly  reflexed."t  If  the  differences  in  the  form  of  tlie  anchor- 
ing arrangement  assumed  by  the  second  maxillipedes  of  Gharopinus,  such 
as  have  been  described,  be  more  or  less  of  a  permanent  character,  and  there 
seems  to  be  little  doubt  that  they  are  so,  the  three  species  mentioned  here 
must  be  held  as  sufficiently  distinct,  the  one  from  the  other. 

•Eighteenth  Annual  Report,  Piart  III.  (1900). 
fOp.  eit„  Part  III.,  p.  170. 
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Geuus  Adheres^  Nordmanu  (1832). 
Adheres  percarum  (Nordmann). 

1832.    Adheres  percarum,  Nordm.,  Mikrog.  Beitrage,  p.  63,  PL  T. 

Habitat, — On  the  gills  of  the  common  Trout,  Moray  difltrict  (T.  Edward, 
Banff).  Nordmann  records  this  species  as  found  on  the  gills  of  the 
common  Perch,  Perca  fluviatUis,  L.,  and  the  Pike-Perch,  Stizostethium 
lucioperca  (L.). 

The  Rev.  A.  M.  Norman  informs  me  that  this  species  of  Copepod  was 
sent  to  him  by  Thomas  Edward,  who  obtained  it  somewhere  in  the  neigh- 
bourhood of  Banff,  and  that  it  is  now  in  his  collection.  Adheree  per- 
carum  is  recorded  in  the  Appendix  to  Samuel  Smiles's  life  of  Edward 
(p.  437)  as  Basanistes  salmonea.  It  appears  that  Edward  obtained  the 
Adheres  on  the  gills  of  Salmon  as  well  as  on  the  gills  of  the  common 
Trout. 

Genus  Lemceopodaf  Kroyer  (1837). 
LemcBopoda  eUmgata  (<^rant). 

1827.     Lemcea  ehngata.  Grant,  Brewster's  Edin.  Joum.  ScL, 
vol.  vii.,  p.  147,  PL  II.,  fig.  5. 

A  specimen  of  this  Lemseopod  was  taken  by  Mr.  Donnevig  from  the 
eye  of  a  Shark  caught  to  the  eastward  of  Fair  Island  (between  Orkney 
and  Shetland)  by  the  steam  trawler  *'St.  Andrew, ''  October  19th,  1900. 
This  specimen,  which  is  now  in  the  collection  in  the  Fishery  Board's 
Laboratory  at  Bay  of  Nigg,  gives  the  following  measurements : — Length 
of  body,  exclusive  of  the  second  maxillipedes,  fully  15  mm.  (|  inch). 
Length  of  the  second  maxillipedes,  fully  15  mm.  (or  as  long  as  the 
body). 

The  species  of  the  shark  from  the  eye  of  which  Mr.  Dannevig  removed 
the  Copepod  was  not  definitely  ascertained,  but  it  was  probably  a  Porbeagle 
shark,  Lamna  comubica, 

Mr.  Ingram,  the  Fishery  Officer  at  Aberdeen,  brought  me  recently 
another  specimen  which  he  had  removed  from  the  eye  of  a  shark  about 
six  feet  in  length — which,  from  his  description,  appeared  to  be  a  Green- 
land shark, — landed  at  the  Aberdeen  Fish  Market.  This  specimen 
measured  about  40  mm.  (1|  inches)  from  the  extremity  of  the  second 
maxillipedes  to  the  posterior  end  of  the  body. 

The  specimen  recorded  in  my  previous  paper*  was  taken  from  the  eye 
of  a  Porbeagle  Shark,  but  the  locality  was  not  clearly  ascertained.  The 
only  British  specimen  which  Dr.  Baird  recordsf  was  taken  by  Mr. 
Yarrel  trom  the  eye  of  a  shark  caught  on  the  English  coast  and  brought 
to  London  in  the  winter  of  1848,  but  the  species  to  which  this  shark 
belonged  is  not  stated. 

Genus  Brachieilay  Cuvier. 

BraehieUa  bispinosa,  Nordmann. 

1832.     Brachidla  bispinosa,   Nordm.,  Mikrog.  Beitrage,  p»  94, 
PL  VIIL,  fig.  4. 

Habitat,— On  the  gills  of  Trigla  sp.,  Moray  Firth,  1863  (T.  Edward). 

*EighUenih  Annual  Report,  Pt.  HI.,  p.  171,  PL  VIII.,  figs.  11-15  (1900). 
fBrit.  Entom.,  p.  333,  PI.  XXXV.,  ^.  5  (1850). 
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The  Rev.  A.  M.  Nonnau  has  kindly  directed  my  attentioD  to  the  fact 
that  this  Copepod  was  obtained  by  the  late  Thomas  Edward  of  Banff  on 
the  gills  of  Gurnards  caught  in  the  Moray  Firth,  and  specimens  sent  to 
him  by  Edward  are  in  his  collection.  The  species  is  recorded  in  the 
Appendix  to  Samuel  Smiles's  life  of  the  Banff  naturalist  (p.  438),  1877. 
This  is  the  only  Scottish  record  of  Brachiella  bispinosa  known  to  me. 

BrachieOa  (?)  triglce,  Glaus.    (PI.  VII.,  figs.  24-29.) 

1860.    BrachteUa  triglce^  Glaus,  Zur  Morph.  der  Copep.,  PI.  I., 
fig.  6. 

1896.     Brachiella  triglce^  Basset-Smith,  Joum.  M.B.  Assoc,  Ply- 
mouth, p.  163. 

A  few  specimens  of  a  Gopepod  apparently  belonging  to  this  species 
were  obtained  on  the  gills  of  a  specimen  of  Trigla  lineata,  Gmel., 
captured  in  the  Glyde  in  the  vicinity  of  Ailsa  Craig  in  1897,  but  only 
now  recorded. 

The  species  is  a  small  one ;  the  specimen  figured  measures  only  4*5  mm. 
(about  ^  of  an  inch),  but  is  comparatively  moderately  stout ;  the  head 
and  neck  are  scarcely  so  elongated  as  the  posterior  thoracic  part  of  the 
body ;  the  second  maxillipedes,  which  are  very  short,  appear  to  be  free 
except  at  the  point  of  attachment  to  the  gills  of  the  fish.  The  genital 
segment  is  considerably  dilated  and  somewhat  irregular  in  outline,  and 
emarginate  in  the  posterior  end  ;  the  abdomen  is  very  rudimentary ;  and 
the  two  posterior  appendages  do  not  extend  much  beyond  the  general 
contour  of  the  body  (fig.  24). 

The  antennules  are  short  and  apparently  four-jointed,  the  end  joints 
being  slender  (fig.  25).  The  antennae  are  moderately  stout,  and  somewhat 
like  those  of  Lemceopoda  galei  (fig.  26),  while  the  mandibles,  maxillss, 
and  first  maxillipedes  are  more  or  less  similar  to  the  same  appendages  in 
Thymnote  impudica,  Nordm.  (figs.  27-29). 

Brachiella  triglce^  Glaus,  appears  to  be  extensively  distributed  ;  it  has 
been  obtained  at  Plymouth-,  by  Dr.  Basset-Smith  from  "  Trigla  cuculua, 
gumardus,  and  hvimdOy  but  was  not  very  common."*  Dr.  Glaus  {op. 
cit.)  and  Dr.  W.  Kurzt  have  also  recorded  the  occurrence  of  this  Gopepod 
on  the  gills  of  Trigla ;  Dr.  Ed.  Graeffe  gives  AnchoreUa  trigke,  Kurz 
(Brachiella  iriglce,  Gls.)  in  his  UebersiM  der  Fauna  der  Golfes  von 
TriestyX  and  states  that,  according  to  Kurz,  it  has  been  found  living 
attached  to  the  gill-arches  of  Tngla  lineata — the  same  species  of  Gurnard 
on  which  I  also  obtained  it. 

BrachieUa  ovalie  (Kroyer).     (PI.  VII.,  figs.  30-35.) 

1837.     AnchoreUa  ovalis,  Kr.,  Naturh.  Tidsskr.,  R  i.,  p.  289, 
PI.  ni.,  fig.  6. 

1870.    AnchoreUa  ovalis,  P.  J.    v.    Ben.,   Poiss.    d.    cotes   de 
Belg.,  p.  31,  PI.  II.,  fig.  8. 

Brachiella  ovalis  has  the  cephalothorax  rather  more  elongated  than  the 
genital  segment.  The  second  maxillipedes  are  short  and  separated  from 
each  other  except  at  the  extremity  where  they  are  attached  to  the  gill- 
raker.  The  genital  segment  is  considerably  dilated ;  the  posterior  end  of 
this  segment  has  the  sides  moderately  straight,  and,  converging  slightly 

*'  Joum.  M.B,  Auoc.t  Plymouth  {Feb,  1896),  p.  163. 

t  Zeitsch./.   Wi83.  Zool.  (1877),  p.  404,  PL  XXV.,  figs.  13-16. 

:;:  ArbeUen  der  Zoolog.  Jnttitute  zu  Wien,  T,  XIII.,  Heft  I.  (1900). 
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backwards,  they  form  au  obtuse  angle  ai  the  point  where  they  meet ;  the 
abduiuen  is  very  rudimentary  ;  there  are  two  small  posterior  appendages — 
one  on  each  side  of  the  abdomen — but  thoy  are  so  much  obscured  by  the 
short  but  considerably  dilated  ovisacs  as  to  be  easily  overlooked  ;  this  is 
probably  the  reason  they  are  not  shown  in  the  figure  of  the  species  in 
Prof.  V.  Beneden's  work  referred  to  above.  BraehieUa  aualis  \b  very 
small ;  the  specimen  represented  in  the  drawing  (fig.  30)  measures  little 
more  than  2  mm.  in  length. 

In  this  species  the  antennules  appear  to  be  four-jointed,  the  first  joint 
is  much  dilated,  but  the  others  are  small ;  the  third  joint  is  very  short, 
being  scarcely  half  the  length  of  the  end  joint  (fig.  31) ;  the  antennules 
of  BraehieUa  ovalu  resemble  somewhat  those  of  LerruBopoda  gdlei ;  the 
antennae  have  also  a  close  resemblance  to  those  of  that  species  (fig.  32). 
The  mandibles  are  moderately  stout,  and  are  furnished  with  a  series  of 
small  irregular  teeth  at  the  distal  end  of  the  inner  margin  (fig.  33) ;  while 
the  maxillae  are  somewhat  like  those  of  Anckordla  emarginata,  Elr.  ^fig. 
34).  The  first  maxillipedes  are  moderately  stout,  the  terminal  joint, 
which  is  hinged  to  the  second  one,  is  armed  with  a  short  but  moderately 
strong  claw  (fig.  35). 

Habitat, — Found  attached  to  the  gill-rakers  of  the  common  Gurnard^ 
Trigla  gumardus^  caught  in  the  Moray  Firth  and  forwarded  to  the  Fishery 
Board's  Laboratory  at  Bay  of  Nigg,  from  the  "  Qarland,"  during  April 
and  May,  1900.  The  parasites  were  more  frequently  seen  on  the  gills  of 
half-grown  specimens  of  the  fish  than  on  the  adults.  Both  Kroyer  and 
P.  J.  V.  Beneden  record  Brachidla  (or  Anchordla)  ovalie  fiom  the 
common  Gurnard. 

There  cannot,  I  think,  be  any  doubt  that  the  species  recorded  above  is 
the  ^^  Anchordla,  ovcdis"  of  Kroyer  as  figured  by  P.  J.  v.  Beneden  in  his 
work  on  the  fishes  of  the  coasts  of  Belgium  (PI.  II.,  fig.  8).  The  only 
apparent  discrepancy  between  his  figure  and  the  above  description  is  that 
he  does  not  show  any  appendages  on  the  posterior  end  of  the  genital 
segment,  but  these  appendages  are  so  small  that  they  may  have  been  con- 
cealed by  the  dilated  ovisacs ;  sometimes  it  is  almost  impossible  to  see 
these  appendages  till  the  ovisacs  are  removed. 

In  this  species  the  arms  (second  maxillipedes),  though  short,  are  dis- 
tinctly separate  along  their  whole  length,  and  their  structure  shows  a 
closer  affinity  with  Brachidla  than  with  Anchordla ;  I  have  therefore 
ascribed  it  to  that  genus.  I  have,  so  far,  seen  no  males  of  this  species, 
and  till  these  are  described  the  question  as  to  the  genus  to  which  the 
species  really  belongs  may  remain  a  doubtful  one. 

Genus  Anchordla,  Cuvier  (1817). 

AncJiordla  stdlata,  Kroyer.     (PI.  VIII.,  figs.  1-2.) 

1838-39.     Anchordla    stdlata,    Kr.,    Naturh.    Tidsskr,    R.  i., 
voL  ii.,  p.  U2,  PI.  Ill,  fig.  5. 

1900.     Anchordla  dellata,  T.  Scott,  Eighteenth  Ann.  Rept  of 
the  Fishery  Board  for  Scotland,  Pt.  III.,  p.  178. 

In  Part  III.  of  the  Eighteenth  Annual  Report,  I  gave  a  moderately  full 
description  of  Anchordla  striata,  Kr.,  but  want  of  time  prevented  me 
from  illustrating  the  description  with  drawings  of  the  more  important 
characters  referred  to,  and  I  therefore  take  this  opportunity  to  submit  one 
or  two  figures  showing  the  more  characteristic  points  by  which  the  species  is 
distinguished.  Figure  I  gives  a  side  view  of  an  Anchordla  eteUaia 
attached  to  a  scale  of    the    Hake,   Merludvs  merluccius  (L.\  by   a 
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chitinous  plug  which  penetrates  the  snbetance  of  the  scale.  Figure  2 
represents  a  front  view  of  the  plug  after  removal  from  the  scale  in  which 
it  was  emhedded.  This  plug,  after  penetrating  the  scale  of  the  fish, 
expands  between  its  outer  and  inner  surfaces  into  a  thin  roundish  disk ; 
the  parasite  thus  obtains  a  secure  hold  and  can  only  be  detached  by  the 
falling  off  or  removal  of  the  scale  to  which  it  has  fixed  itself,  or  by  the 
attachment  being  severed  at  the  point  where  it  penetrates  the  scale.  An 
interesting  feature  of  the  disk  is  that  it  possesses  a  number  of  openings 
(or  pellucid  markings)  just  inside  its  circumference,  which  have  a  regular 
stellate  arrangement  as  shown  by  the  figure,  and  from  which  the  name  of 
the  species  is  derived.  How  these  markings  are  produced,  or  what 
purpose  they  serve,  are  questions  that  may  not  be  easy  to  explain,  but  the 
solution  would  no  doubt  be  interesting. 

The  species  has  been  found  parasitic  on  Hake  captured  in  the  Clyde  by 
the  "  Grarland,''  but  does  not  appear  to  be  very  common. 

■ 

AnehoreUa  seombrij  Kurz.     (PI.  VIIL,  fig.  3.) 

1877.      Anchorella  scombri,  Kurz,  Zeitschrift  f.  wissenschaftl. 
Zool.,  B.  xxix.,  p.  403,  PL  XXV.,  fig.  12. 

This  curious  species  was  found  on  the  gills  of  a  Mackerel,  Scomber 
scombruSy  Lin.,  captured  in  the  vicinity  of  Aberdeen,  August  17th,  1900. 

In  this  AnehoreUa  the  thorax  is  extremely  elongated  and  moderately 
stout ;  the  genital  segment  is  nearly  globular  and  small  in  comparison  to 
the  thorax.  The  second  maxillipedes  are  very  short,  and  appear  to  be 
entirely  coaleecent.  The  abdomen  is  rudimentary  or  obsolete,  and  the 
genital  segment  is  apparently  unprovided  with  posterior  appendages.  The 
ovisacs  of  the  specimen  represented  by  the  drawing,  and  which  is  the  only 
one  I  have  yet  seen,  are  small  (fig.  3). 

This  species  has  at  first  sight  a  somewhat  close  resemblance  to 
AnehoreUa  emargincUa,  Kr.,  but  a  closer  examination  reveals  several  more 
or  less  important  differences,  one  or  two  of  which  may  be  noted  here. 

(1)  The  second  maxillipedes  are  not  only  entirely  coalescent  instead  of 
being  slightly  separated,  but  they  are  also  more  rudimentary  than  those 
of  AnehoreUa  emargincUa, 

(2)  The  cephalothoracic  portion  of  the  body  is  proportionally  consider- 
ably more  elongated,  being  ei^nal  to  nearly  three  times  the  length  of  the 
gefnitul  part,  whereas  in  A,  emarginata  the  cephalothorax  is  little  more 
than  twice  the  length  of  the  genital  segment. 

(3)  There  does  not  appear  to  be  even  a  rudimentary  abdomen  as  there 
is  in  A,  emarginafa. 

The  length  of  the  genital  segment  of  the  specimen  represented  by  the 
drawing  is  about  2*5  mm.  (-|^  of  an  inch),  which  is  similar  to  the  size  given 
for  A,  emarginata. 

AnehoreUa  scombri,  Kurz,  appears  to  have  a  nnxlerately  wide  distribu- 
tion, but  is  probably  not  very  common;  though  I  have  examined  a 
number  of  Mackerel,  only  •the  one  specimen  of  A.  scombri  has  been 
observed.  I  do  not  at  present  know  of  any  other  British  record  for  this 
Copepod,  but  Dr.  Ed.  Qraeffe  records  it  for  the  Gulf  of  Trieste,  and  states 
that,  according  to  Kurz,  it  is  found  on  the  gill-asckes  of  Scomber 
sconibrus,* 

AnehoreUa  (?)  brevicoUis,  M.-Edw.      (PI.  VIII.,  figs.  11-16.) 

1640.     AnehoreUa  hreincollis,  M.-£dw.,  Hist.  Nat.  Crust.,  vol. 
iiL,  p.  418,  Ann.  Sci.  Nat.  (3),  t.  xvi.,  PL  VI.,  figs.  1-3. 

This  AnehoreUa  was  found  on  a  Haddock,  Gadus  (Bglefinus,   Lin., 

*  Arheiten  der  Zoolog.  Institute  ku  Wien,   Tom,  xiii.,  Heft.  1,  p.  17  (1900).    (Separate 
reprint.) 
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captured  in  the  Firth  of  Forth  ^  January  dOth,  1896,  bat  only  now 
recorded.  It  was  found  adhering,  not  to  the  gills,  but  close  to  the  vent 
of  the  fish,  and  it  was  the  peculiar  position  it  occupied  that  induced  me 
to  take  notice  of  it.  It  was  at  first  considered  to  be  merely  a  form  of 
AnehoreUa  undnata  (O.  F.  MUll.),  but  the  further  examination  of  it  has 
revealed  one  or  two  dififerences  both  in  its  form  and  structure  which  can 
hardly  be  reconciled  with  the  characters  of  that  species.  The  conformation 
of  the  body  of  this  specimen  of  Anchorella  differs  considerably  from  that 
of  A,  uneinata  in  the  following  particulars: — (1)  The  neck  is  compara- 
tively much  shorter  and  stouter,  and  is  more  distinctly  a  continuation  of 
the  posterior  portion  of  the  body  ;  in  Anchorella  uneinata,  on  the  other 
hand,  tlie  neck  is  comparatively  long  and  slender,  and  Lb  more  or  less 
distinctly  separated  by  a  constriction  from  the  posterior  segment.  (2) 
The  posterior  maxillipedes  are  distinctly  lateral,  whereas  in  A,  undnata, 
as  shown  in  Dr.  Baird's  figure,*  as  well  as  in  PI.  YIIL,  fig.  43,  in  my 
paper  last  year,t  the  position  of  these  maxilh'pedes  is  such  that  they  have 
the  appearance  of  l)eing  a  continuation  of  the  genital  segment. 

The  antennules  are  very  small,  and  two-jointed,  but  the  first  is  con- 
siderably larger  than  the  other,  and  there  are  a  few  minute  spines  at  the 
apex  of  the  terminal  joint  (fig.  12).  The  autennee  are  simple  and  rudi- 
mentary; they  each  consist  of  a  short  and  stout  and  apparently  uniarticulate 
appendage  (fig.  13).  The  mandibles  are  small,  and  their  armature 
resembles  that  of  the  mandibles  of  Lemoeopoda  rather  than  of  Anchorella 
(fig.  14).  The  maxillaB  are  moderately  stout ;  they  are  each  armed  with 
two  subapical  processes  bearing  short  terminal  spines ;  there  are  also  two 
minute  lateral  spines  on  the  same  side  as  the  processes  referred  to,  and  at 
a  small  distance  from  them  (fig.  15).  The  anterior  maxillipedes  are  com- 
paratively large,  the  first  and  second  joints  are  considerably  dilated,  but 
the  third  is  narrow,  furnished  with  a  stout  terminal  claw,  in  addition  to 
two  small  spines  (fig.  16).     The  abdomen  is  small,  but  distinct  (fig.  11). 

In  1840  M.-Edwards  described  (op.  cit.)  an  Anchorella  from  the 
Haddock  under  the  name  of  Anchorellxi  brevicoUts ;  the  same  species  vras 
also  obtained  on  the  Haddock  by  van  Beneden  + ;  and  it  is  to  this  species 
that  I  have  provisionally  ascribed  the  specimen  mentioned  abova 

Ingbrta    bedis. 

(?)  Lemceopoda  sp.  d-     (PL  Vlll.,  figs.  4-10.) 

A  few  male  specimens  of  what  appears  to  be  a  species  of  Lemceopoda 
were  obtained  on  the  gills  of  an  Opah  oi  Kingfish,  Lampris  pelagieua 
(Gunn.)  =  (Lampris  luna,  Gmel.),  forwarded  from  Shetland  to  the  Fishery 
Board's  Laboratory  at  Bay  of  Nigg,  October  10th,  1900 ;  no  females  wore 
observed.  The  species  is  a  moderately  large  one,  for  the  male  represented 
by  the  drawing  measures  4*3  mm.  (about  ^  of  an  inch)  in  length.  If  in 
this  species  the  proportional  size  of  the  females  to  the  males  be  similar  to 
that  which  we  find  in  such  species  as  Chan^inus  dalmanni  or  Lemceopoda 
galei,  the  females  of  this  species  should  reach  to  about  16-18  mm.  in 
length. 

The  body  of  this  parasite  of  the  Kingfish  is  comparatively  slender ;  it 
tapers  more  or  less  gradually  towards  the  posterior  end.  The  antennules 
are  small-and  four-jointed,  the  penultimate  joint  being  shorter  than  the 
others  (fig.  5).  The  antennss  are  moderately  robust,  except  the  last  two 
joints,  which  are  small,  and  the  end-joint  is  very  feebly  clawed.     The 

♦  Brit.  Entom.,  PL  XXXV.,  fig.  9. 
t  Eighteenth  Annual  Report,  Part  III. 
X  Lea  Poissons  des  Ck>t«8  de  Belgique,  p.  67. 
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mandibles  are  small,  but  somewhat  similar  in  form  and  armature  to  those 
of  GharopiniLs  dcdmanni  (fig.  7).  The  maxillae  are  al^o  somewhat  similar 
to  those  of  that  species,  except  that  the  ends  are  furnished  with  two 
instead  of  three  spiniform  appendages  (fig.  8).  The  first  and  second 
maxillipedes  are  very  robust,  and  armed  with  short  but  powerful  hooked 
terminal  claws  (figs.  9  and  10). 

The  form  of  the  various  appendages  shows  a  close  relationship  with  the 
LernsBopodidsB,  closer  perhaps  with  Gharopinus  than  with  Lemoiopoda. 
I  am  inclined,  however,  for  the  present  to  ascribe  the  specimens  to  the 
latter  genus,  and  to  distinguish  them  from  kindred  species  by  the  name  of 
LemcBopoda  lampri. 

PART  II.— HIRUDINEA  AND  TREMATODA. 

The  vermes  recorded  in  the  following  notes  belong  to  the  two  great 
Classes  Annelida*  and  Platyhelmintha.  The  first  includes  animals 
which,  for  the  most  part,  are  free-living,  but  some  are  parasitic  or 
predatory.  The  animals  which  belong  to  the  second  class  are,  on  the 
other  hand,  mostly  parasitic  and  live  within  the  bodies  of  other  animals 
(Entozoa),  but  some  take  up  their  abode  on  the  skin  and  gills  of  fishes 
(£ctozoa),  while  some  others  of  them  are  free-living.  The  Hirudinea 
comes  under  the  first  and  the  Trematoda  under  the  second  of  these  two 
classes,  and  I  have  grouped  my  notes  to  agree  with  this  arrangement. 

(a.)  Thb  Hibudinba. 

The  work  by  which  I  have  chiefly  been  guided  in  the  preparation  of  my 
notes  on  Hirudines  parasitic  on  fishes  is  Prof.  Lton  Yaillant's  Histoire 
naturelle  des  Anneles  marina  et  d^eau  dottce^  vol.  iii.  (second  part), 
(1890).  M.  Yaillant  divides  the  Hirudines  into  the  two  sub-orders, 
Bdellarissa  and  Histriobdellariaea ;  the  first  he  sub-divides  into  five 
families,  but  the  other  contains  only  one.  The  Hirudines  parasitic  on 
fishes  belong  for  the  most  part  to  the  family  Ichthyobdellidee,  one  of  the 
five  comprised  in  the  first  sub-order,  and  it  is  only  to  species  belonging  to 
this  family  that  the  following  notes  refer. 

Fam.    lOHTHTOBDELLID^. 

The  leeches  included  in  this  family  form  two  more  or  less  distinct 
groups,  both  of  which  are  represented  by  the  species  recorded  here.  The 
leeches  contained  in  the  first  group  (sub- family  Brauchellionse)  have  the 
body  usually  divided  into'  two  portions  more  or  less  obvious  by  a  depres- 
sion or  constriction  ;  the  anterior  portion,  or  neck,  which  is  terminated  by 
the  head,  is  less  robust  than  the  other ;  the  posterior  portion,  besides 
being  more  robust,  is  usually  furnished  with  lateral  processes  which  are 
ramified,  lamelliform,  or  in  the  form  of  rounded  vesicular  tubercles ;  these 
processes  are  non-contractile,  and  are  "  destined  in  every  case  for  branchial 
respiration" — they  do  not  extend  to  the  anterior  portion.  One  of  the 
most  remarkable  species  belonging  to  this  sub-family  is  the  Branchdlion 
rhombi  (v.  Ben.  and  Hesse),  found  living  on  the  Turbot,  Bothus  maximtUy 
at  Brest  and  the  Channel,  and  which  may  possibly  also  occur  on  the 
same  fish  in  our  seas.  Branchdlion  rhombi'iB  comparatively  a  moderately 
large  species,  reaching  from  two  to  nearly  two  and  a  half  inches  in 

*  In  the  Cambridge  Natural  History,  vol.  ii.  (1S96),  the  Hirudines  occupy  a  position  in 
the  clasnfication  apparently  equal  in  importance  to  tJiat  of  the  Platyhelminthes,  while  the 
terra  "  Annelida  "  as  the  name  of  a  class  is  set  aside. 
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length ;  the  lateral  processes  are  large  foliaceoas  appendages  which  extend 
nearly  straight  out  from  the  body  and  impart  a  singular  appearance  to  the 
animal.  There  are  several  other  species  of  BrancheUion\  but  the  one 
mentioned  is  the  only  species  likely  to  occur  in  our  seas.  The  species  I 
now  record  belongs  to  another  genus  of  the  same  sub-family,  viz. : — 

Genus  Trachelobdella,  R.  Blanchard  (1894). 
[—  Caltiobdella,  van  Beneden  and  Hesse  (1863).] 

Trachdobdella  lophii  (van  Benedon  and  Hesse). 

1863.     GaUiohddla  lophii,    v.  Ben.  and  Hesse,    RecherdteB  mr 
lea  Bddlodes,  p.  36,  PI.  II.,  figs.  11-16. 

In  this  species  the  body  is  elongated  and  rounded,  but  more  so  on  the 
dorsal  aspect  than  ventrally.  There  is,  at  about  a  fourth  or  fifth  part 
of  the  length  of  the  body  from  the  anterior  end,  a  slight  compression, 
sometimes  not  very  evident  in  specimens  preserved  in  alcohol,  that 
divides  the  body  into  two  unequal  portions ;  the  posterior  portion  is 
furnished  with  a  row  of  vesicles,  along  each  side,  in  the  form  of 
sphaerical  tubercles — ^there  are  usually  twelve  to  fifteen  tubercles  in  «ach 
row ;  the  anterior  portion  is  without  tubercles,  and  forms  a  kind  of 
simple  neck.  There  is  a  sucker  at  each  end  of  the  body,  that  at  the 
anterior  end  is  of  an  oval  form  and  comparatively  small,  but  the 
posterior  sucker  is  large  and  rounded  and  of  a  simple  structure.  No 
eyes  have  been  observed.  The  length  of  this  species  is  stated  by  van 
Beueden  and  Hesse  to  be  about  five  to  six  centimeters  (from  2  to  nearly 
2^  inches);  probably  these  measurements  were  taken  from  living 
specimens ;  our  specimens  preserved  in  alcohol  scarcely  extend  beyond 
three  centimeters. 

Habitat. — In  the  gill- pouches  of  the  Angler-fish,  Lophius  piseatoriua, 
captured  in  the  Firth  of  Forth  (1894),  and  in  the  Moray  Firth  (1899). 
Trachelol)della  lophii  does  not  appear  to  be  very  rare  on  the  Angler-fish. 
The  eggs  are  very  small,  and,  in  general  appearance,  resemble  somewhat 
the  cocoon  of  a  Bombyx. 

Van  Beneden  and  Hesse  record  in  their  Kecherches  one  or  two  other 
species  of  Trachdohdella  which,  though  I  have  not  yet  observed  them, 
may  in  passing  be  mentioned  here,  as  they  live  on  the  bodies  of  fishes 
that  are  fairly  well  known  and  moderately  common  on  our  shores. 

Trachelohdella  punctata  (van  Beneden  and  Hesse). 

Habitat. — On  the  body  of  the  Sea  Scorpion  or  Long-spined  Cottns, 
Cotttis  BcorpiuB,  L,  This  is  a  small  species,  being  scarcely  two  centi- 
meters (about  ^  of  an  inch)  in  length.  It  has  four  eyes,  arranged  in 
pairs,  and  each  pair  is  situated  on  a  little  conical  prominence.  There 
are  from  fourteen  to  fifteen  round,  almost  transparent,  tubercles  along 
each  side  of  the  posterior  portion  of  the  body,  and  by  this  last 
character  C.  punctata  may  be  readily  distinguished  from  Pisctcda 
scorpiif    which   li^es  on  the  same    kind  of  fish. 

TrachdohdeUa  striata  (van  Beneden  and  Hesse). 

Hahitcd.'-On  the  body  of  the  common  or  Black  Goby,  €hhiu»  ni{fer. 
This  species  has  two  eyes,  one  on  each  side  and  near  the  base  of  the 
head  ;  they  form  little  conical  eminences,  and  at  a  small  distance  in  front 
of  and  in  line  with  each  eye  there  is  one  (1  or  two)  ocular  marks 
which  appear  to  be  quite  distinct  in  living  specimens.     The  number  of 
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lateral  tubercles  in  this  species  is  twelve  or  thirteen  on  each  side.  The 
posterior  sucker  is  ornamented  with  strisB  and  white  points.  This,  like 
the  last,  appears  to  be  a  small  species. 

The  following  other  species  recorded  by  the  authors  of  the  Reeherches 
may  also  be  referred  to  for  the  reason  that  it  is  said  to  be  found 
commonly  in  large  numbers  on  the  Black  Sole,  Solea  vulgaris^  viz. : — 

Platf/bdeUa  solece  (van  Benedeu  and  Hesse). 

This  leech  differs  from  those  already  mentioned  by  the  possession  of 
only  a  single  pair  of  respiratory  tubercles,  one  of  which  is  situated  on 
each  side  of  the  constriction  that  separates  the  two  portions  of  the  body. 
The  species  is  a  very  small  one,  being  only  about  5  mm.  (\  of  an  inch) 
in  length.  The  authors  quoted  state  that  these  leeches  not  only  occur  in 
considerable  numbers  on  the  back  of  the  Black  Sole,  but  hold  on  with 
such  tenacity  to  the  skin  that  often  their  bodies  are  ruptured  when 
removing  them  from  the  fish.  They  are  found  on  Black  Soles  captured 
on  the  coast  of  France  and  Denmark,  but  I  do  not  yet  know  of  any 
record  of  their  occurrence  on  Soles  captured  in  our  seas. 

Sub-Family  PoxTOBDBLLiNiE. 

There  are,  according  to  M.  Yaillant,  nine  genera  in  this  group  of  the 
IchthyobdeUcB,  but  only  three  of  them  fall  to  be  noticed  here,  viz. : — 
Pisdcola^  IcTuhyobdeUa,  and  PontobdeUa, 

Genus  Piscicola,  Blainville  (1827). 

In  leeches  belonging  to  this  genus  the  body  is  smooth,  usually  rounded, 
and  becomes  in  some  species  gradually,  and  to  a  small  extent,  enlarged 
posteriorly,  while  in  others  it  is  of  nearly  equal  thickness  throughout.  The 
anterior  and  posterior  suckers  are  both  distinct  and  equally  flattened. 
The  eyes  are  distinct ;  their  number  varies  in  different  species,  but  is 
usually  four,  six,  or  eight  There  are  no  lateral  contractile  organs  as  in 
species  belonging  to  the  Brancheliionse. 

The  number  of  species  is  considerable ;  several  live  on  marine  fishes, 
but  the  majority  of  them  appear  to  be  found  on  fishes  that  live  more  or 
less  entirely  in  fresh  water.  The  PiadcoUB,  which  have  a  wide  distribu- 
tion in  space,  are  usually  separated  into  three  groups,  according  to  the 
number  of  their  eyes. 

Piscicola  geometra,  Lin.,  the  earliest  known  species,  is  found  on  the 
Pike,  Esox  Ituiiue,  Lin.,  and  other  fresh-water  species.  This  species  is 
furnished  with  eight  eyes. 

The  Piscicoke  usually  found  on  marine  fishes  are  provided  with  six 
eyes,  while  those  that  have  four  eyes  appear,  for  the  most  part,  to  be 
limited  to  fresh-water  fishes,  such  as  the  Perch,  Carp,  Burbot,  and  others. 
Two  species, — Piscicola  macuUUa,  Grube,  and  P,  quadrioculata^  Malm., 
— ^both  with  four  eyes,  have  been  recorded,  however,  from  the  Ballaii 
Wrasse,  Lalnrus  berygylta^  the  first  from  the  Mediterranean,  the  other 
from  Norway  and  Denmark. 

Piscicola  scorpii,  Fabricius. 

This  species,  which  belongs  to  the  group  provided  with  six  eyes,  has 
occasionally  been  obtained  on  specimens  of  the  Sea  Scorpion,  Ootfus 
seorpius,  captured  by  Mr.  Williamson  in  the  Bay  of  Nigg,  near  the 
Laboratory,  during  the  past  autumn,  and  to  whom  I  am  indebted  for  the 
speoimens ;  the  same  leech  was  also  obtained  on  a  specimen  of  the  Sea 
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Scorpion  captured  in  the  Firth  of  Forth.  One  of  the  largest  specimens, 
preserved  in  alcohol,  measured  fully  12  mm.  (about  1^  an  inch)  in  length. 

When  living  P,  scorpii  is  of  a  reddish  or  carmine  colour,  but 
immersion  in  alcohol  removes  the  colouring  matter  from  the  body,  and 
apparently  also  from  the  eyes  as  well. 

Ptscicola  sexocidcUa,  Malm.,  has  been  found  on  the  Cod,  but  I  have 
not  yet  observed  this  species. 

Genus  lehthyobdella,  Blaiuville  (1827). 

The  species  which  have  been  ascribed  to  IchthyobdeUa  resemble  the 
PisdcoUe  very  closely  in  their  general  conformation  and  structure,  so  that 
it  is  almost  necessary  for  their  correct  identification  that  the  specimens 
when  examined  should  be  living  or  but  recently  dead ;  it  is  difficult  to 
correctly  identify  specimens  that  have  been  for  a  considerable  time 
immersed  in  alcohol. 

The  IchthyobdeUcB  have  usually  no  distinct  eyes,  and  are  of  a  pale 
colour.     The  following  species  have  been  observed  : — 

IchthyobdeUa  sanguinea,  Orsted. 

1 844.  IchthyobdeUa  sanguinea,  Orsted,  De  Region,  Mar,,  Flementa 
topographisB  historico-naturalis  Freti  iEresuud  (Dissert, 
inaug.),  p.  80. 

1859.  IchthyobdeUa  anarrhichce,  Diesing,  Revision  der  Myzhel- 
minthen,     Abtheilung.  Bdell.,  p.  15. 

1863.  IchthyobdeUa  anarrhichce,  v.  Ben.  and  Hesse,  Rech.  tur 
BdelL,  p.  26,  PI.  I.,  figs.  9-13. 

1890.  IchthyobdeUa  sanguinea,  Vaill.,  Hist,  Nai,  des  Anneles, 
vol.  iii.,  p.  530. 

.  This  species  is  moderately  common  on  the  Wolf  or  Cat  Fish,  Anar- 
rhiehus  lupus,  L.  They  are  found  adhering  to  the  gills  and  inside  the 
mouth  as  well  as  on  the  outside  of  the  body.  The  specimens  1  have 
examined  range  in  length  from  about  25  to  30  mm.,  but  the  authors  of 
the  Recherches  give  30  to  40  mm.  as  the  usual  length  of  the  species ;  a 
good  deal,  however,  depends  on  the  state  of  preservation  of  the  specimens. 
/.  sanguinea  has  been  observed  on  Catfish  captured  in  the  Firth  of 
Forth,  the  Firth  of  Clyde,  and  in  the  Moray  Firth. 

IchthyobdeUa  hippoglossi,  Gervais  and  v.  Beneden. 

1859.  IchthyobdeUa  hippoglossi,  Gerv.  and  v.  Ben.,  Zodogie 
midicaie,  vol.  ii.,  p.  170. 

1863.  IchthyobdeUa  hippoglossi,  v.  Ben.  and  H^sse,  Rech.  sur 
Bdellodes,  p.  28,  PI.  I.,  figs.  14-17. 

A  specimen  of  IchthyobdeUa  hippoglossi  was  obtained  on  a  Halibut 
landed  at  the  Fish  Market  at  Aberdeen  in  June,  1899.  The  leech  was 
adhering  to  the  inside  of  the  throat  of  the  fish.  This  is  a  larger  species 
than  the  last ;  the  authors  of  the  Recherches  state  that  this  worm  is  from 
^VQ  to  six  centimeters  in  length,  while  the  specimen  I  obtained  measured 
about  6*5  cm. 

IchthyobdeUa  marina,  Johnston. 

1846.  IchthyobdeUa  marina,  Johnst.,  Ann.  and  Mag.  Nat.  Hist., 
vol.  xvi.  (SuppL),  p.  441,  PL  XV. 

This  species,  which  has  been  recorded  by  Dr.  George  Johnston  from  the 
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Pogge,  AgontLS  cataphractusy  I  have  uot  yet  observed.     It  appears  to  be 
a  small  species,  aud  on  that  account  may  have  escaped  notice. 

Other  small  species  of  Ichthyobdelke — t.e.,  /.  rhombi,  van  Beneden  and 
Hesse — found  on  the  Brill,  and  /.  Ittscce,  van  Beneden  and  Hesse,  found  on 
the  Brassy,  Gadus  luscus,  have  been  recorded  by  Continental  students  of 
the  parasites  of  fishes,  and  thes&  may  probably  also  occur  on  the  same 
kinds  of  fishes  in  our  seas. 

Genus  PontobdeUa,  Leach  (1815). 

This  genus  contains  the  well-known  ''Skate  Leech,"  PontohdeUa 
muricata^  Lin.,  found  on  different  species  of  Skates  and  Kays,  as  Raia 
baits,  R.  davatUj  R,  circularise  and  others;  and  which  occasionally  occurs 
on  specimens  captured  by  the  "  Garland."  These  leeches  are  readily 
distinguished  from  any  of  the  preceding  forms  by  their  greater  size  and 
corrugated,  warty  skin. 

Several  other  species  of  PoMobdeUa  are  recorded,  but  the  P.  muricata  is 
the  only  one  known  to  me  as  occurring  in  Scottish  waters.  But  besides 
the  leeches  i*ecorded  in  the  foregoing  notes,  others  have  been  obsenred  on 
the  Lumpsncker,  the  Ling,  and  the  Plaice;  the  identification  of  these,  how- 
ever, is  not  certain,  and  consideration  of  them  is  delayed  meantime. 

(B.)    The  Trematoda. 

The  Trematoda  which  I  record  in  the  following  notes  are  all  ecto- 
parasites of  fishes.  A  few  of  them  are,  in  general  appearance,  not  unlike 
some  of  the  forms  referred  to  under  Hirudiuea,  but  the  difference  between 
the  two  groups  (A.)  and  (B.)  is  usually  more  or  less  apparent.  These 
parasites  are  found  living  upon  the  gills  and  also  upon  the  skin  of  fishes, 
and,  as  will  be  observed  from  the  records  which  follow,  some  of  them  are 
apparently  uot  very  rare.  But  though  that  is  so,  and  though  the  study  of 
the  group  opens  up  an  interesting  field  for  practical  research,  it  is  worthy 
of  note  that  very  little  appears  yet  to  be  known  regarding  the  ecto-parasitic 
Trematodes  of  the  Scottish  seas. 

The  Trematoda  have  been  sulniivided  in  different  ways  by  different 
authors ;  discoveries,  real  or  fancied,  bearing  on  the  development  and 
structure  of  different  members  of  the  group  have  led  to  modifications  in 
the  arranging  and  classifying  of  them;  but  the  discussion  of  such  matters 
being  outside  the  scope  of  the  present  paper  it  is  not  necessary  to  dwell 
upon  them ;  the  purpose  for  which  this  paper  has  been  prepared  is  merely 
to  record  the  various  species  that  have  come  under  the  notice  of  the 
writer. 

In  recording  the  species  that  fall  to  be  noticed  here,  I  have  followed 
generally  the  arrangement  of  MM.  van  Beneden  and  Hesse's  Recherches 
sur  les  Trematodes  MarinSy  published  in  the  ''  Memoirs  of  the  Royal 
Academy  of  Belgium,"  vol.  26  (1863).  In  this  work  the  Trematoda  are 
divided  into  the  following  five  families — Tristomida),  Polystomidse,  Octo- 
cotylidae,  Udonellidse,  and  Gyrodactylidae ;  and  the  species  to  be  recorded 
here  include  representatives  of  at  least  four  of  them.  The  classification 
employed  by  van  Beneden  and  Hesse  is  here  slightly  modified  so  as  to  be 
in  lino  with  that  of  vol.  ii.  of  the  Cambridge  Natural  History  series;  in 
that  work  the  family  UdonellidsB  becomes  a  sub-family  (Udonellinse)  of 
the  Tristomatidse,  and  the  family  Octocotylidse  a  sub-family  (Octocotylinse) 
of  the  Polystomatidse. 
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Fam.   TRISTOMATIDiB. 

Sub-Fam.  Tri8Tomatin& 
Genus  EpibdeUa,  Blainnlle  (1827). 

EpibdeUa  hippoglosH  (0.  F.  Miiller). 

1776.     Hirudo  hippoglosssi,  O.  F.  Miiller,  Zoolog,  Dan,,      II., 
p.  138,  PI.  LIV.,  fi^s.  1-4. 

1858.     Epihddla  hippoglossiy  v.  Ben.,  Mem,  8ur  les  vers  iniestin, 
(Suppl.  des  Comptes  Rendos,  t.  ii.),  p.  21,  PI.  II.  and  III. 

This  Trematode  is  sometimes  very  common  on  Halibut  landed  from  the 
steam  liue-tishing  boats  at  the  Fish  Market  at  Aberdeen.  In  this  species 
the  body  is  thin  and  flat  and  of  an  oval  form.  There  are  two  small 
suckers  in  front,  one  on  each  side  of  the  head,  and  a  single  large  posterior 
sucker ;  the  suckers  are  situated  on  the  ventral  aspect  The  one  at  the 
posterior  end  is  armed  on  the  under  side  with  several  small  hooks ;  they 
are  arranged  in  two  series,  with  three  in  each  series,  the  hooks  in  each 
series  being  partly  connected  with  each  other  end  to  end,  and  arranged  in 
a  longitudinal  line  a  little  to  the  right  and  left  of  the  middle  of  the 
sucker ;  each  series  or  line  extends  from  the  posterior  margin  of  the 
sucker  inwards  towards  the  centre ;  the  middle  hook  of  each  series  is  the 
largest,  but  the  posterior  one  is  very  small,  and  can  scarcely  be  made  out 
except  under  the  microscope.  The  under  surface  of  the  sucker,  and 
especially  the  posterior  half  of  it,  is  covered  with  small  tubercles,  some  of 
which  have  a  bifid  apex ;  they  are  arranged  in  lines  extending  from  the 
centre  towards  the  circumference.  A  thin,  delicate  fringe  extends  around 
the  edge  of  the  sucker,  which  enables  the  sucker  to  be  fitted  perfectly  to 
any  part  of  the  surface  of  the  skin  of  the  fish. 

It  is  interesting  to  note  that  Job  Easter  appears  so  long  ago  as  1759  to 
have  described  and  figured  this  same  Trematode  under  the  name  of 
Tertia  pedictUorum  species,* 

Genus  PhyUoneUa,  van  Beneden  and  Hesse  (1863). 

PhyUanelia  solede^  van  Beneden  and  Hesse.     (PI.  VIII.,  fig.  17.) 

1863.     PhyUoneUa  solece^  v.  Ben.  and  Hesse,  Recherches  sur  les 
Trematodes,  p.  70,  PI.  V.,  fig.  1-8. 

Specimens  of  this  Trematode  have  been  found  on  Black  Soles,  Solea 
vulgaris^  captured  in  the  Clyde  in  May,  1897,  and  again  in  November, 
1899.  The  specimen  represented  by  the  figure  (tig.  17)  measures  about 
6*7  mm.  (fully  ^-inch)  in  length.  The  body  is  of  an  oval  form,  thin  and 
flat.  At  the  anterior  end  there  are  two  small  suckers,  one  on  each  side 
and  a  little  in  front  of  the  head  \  the  edges  of  these  suckers  are  slightly 
cronulated ;  the  posterior  sucker  is  large,  somewhat  variable  in  form,  but 
usually  more  or  less  circular,  and  is  surrounded  with  a  very  thin  flexible 
border,  which  permits  the  sucker  to  be  accurately  applied  to  slight 
irregularities  on  the  skin  of  the  fish.  The  sucker  is  also  armed  with 
hooks,  as  shown  in  the  figure.  The  surface  of  the  body  is  covered  with 
minute  papillas,  and  the  colour  usually  corresponds  with  that  of  the  fish  on 
which  the  Trematode  lives.  This  PhylloneUa  is  also  provided  with  four 
distinct  eyes  ;  these  are  only  faintly  shown  in  the  figure,  which  represents 
.  the  ventral  aspect. 

\  *  J.  Baster,  Oputeula  ttibaceciifa  :  obs^vcUumet  miteelkmeai  dt  AfUmaieiUi  et  PiwUit 

guibusdam  martHis,  II.,  p.  138,  PI.  VIII.,  fig.  11  a,  a.  (1759) 
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This  pretty  species  does  not  appear  to  be  very  common,  and  the  Clyde 
is  the  only  part  of  the  Scottish  coast  from  which  1  have  obtained 
specimens,  but  my  son  informs  me  that  he  has  obtained. specimens  on 
Solea  vulgaris  captured  off  the  coast  of  Lancashire. 

Genus  Trochopm,  Diesing  (1838). 

Trochopus  lineatus  (sp.  nov.).     (PL  VIII.,  fig.  18.) 

A  few  specimens  of  this  species  were  obtained  in  the  gill-cavities  of  a 
Streaked  Gurnard,  Trigla  lineaia,  captured  in  the  Clyde.  It  is  a  small 
species ;  the  specimen  represented  by  the  figure  (fig.  18)  measures  scarcely 
3  mm.  (^  of  an  inch)  in  length.  The  body  is  thin,  flat,  comparatively 
smooth,  and  of  a  somewhat  broadly  oval  shape.  The  anterior  end  is 
broadly  rounded  and  furnished  with  two  distinct  suckers  having  slightly 
crenulated  margins.  The  posterior  sucker  is  large  and  circular ;  on  the 
under  side  of  it  twelve  distinct  rays  are  seen,  extending  at  nearly  regular 
intervals  from  the  margin  towards  the  centre ;  ten  of  the  rays  are,  at 
their  inner  ends,  joined  to  a  central  and  nearly  circular  ring,  which  is 
incomplete  only  towards  its'  posterior  aspect.  The  two  posterior  rays 
have  their  inner  ends  apparently  free,  as  the  central  ring  is  interrupted  at 
the  place  where  the  inner  ends  of  these  two  rays  terminate.  A  small 
hook  or  tooth  is  situated  near  the  inner  end  of  the  ray  next  in  order  to  and 
on  each  side  of  the  two  posterior  rays  just  referred  to,  as  shown  in  the 
figure.  The  twelve  rays  do  not  reach  entirely  to  the  outer  edge  of  the 
margin  of  the  sucker,  but  stop  short  a  little  way  from  it,  while  extending 
all  round  the  margin  is  a  very  thin  crenulated  fringe,  as  shown  in  the 
drawing. 

This  Trematode  is  provided  with  four  distinct  eyes,  which  may  be  seen 
even  from  the  under  side.  The  drawing  (fig.  18)  represents  the  ventral 
aspect  of  the  specimen. 

Trochqptis  is  closely  allied  to  Placundla,  one  species  of  which 
{Placundla  pint)  has  been  obtained  on  the  Bed  Gurnard  {Trigla  pini^ 
Bloch,  =  T,  cucidusy  of  Day's  British  Fishes),  and  I  at  one  time  thought 
that  our  specimens  might  belong  to  that  genus ;  but  Placundla  appears 
to  differ  from  Trochopus  in  one  or  two  important  points.  Not  only  is  the 
position  of  the  two  anterior  suckers  and  the  armature  of  the  posterior 
sucker  different,  but  the  posterior  sucker  in  Placunella  shows  a  tendency 
to  divide  itself  into  three  portions — two  lateral  sub-circular  portions 
and  a  middle  one ;  this  tendency  is  more  clearly  shown  in  Placunella 
rhomhi^  which  lives  upon  the  Turbot,  than  in  Placunella  pint,  though 
here  also  the  same  tendency  may  be  perceived.  In  Trochopus,  on  the 
other  hand,  the  posterior  sucker  is  circular,  and  without  any  indication 
of  a  tri-partite  structure. 

Trochopus  lineattu  resembles  somewhat  closely  the  Trochopus  tubiporus 
of  Diesing,  found  parasitic  on  the  gills  of  the  Sapphirine  Gurnard,  Trigla 
hirundOf  but  in  that  species  the  number  of  rays  of  the  posterior  sucker 
is  only  nine,  whereas  in  the  one  I  am  describing  there  are  distinctly 
twelve  rays,  as  shown  in  the  figure,  and  the  armature  of  this  sucker 
appears  also  to  be  somewhat  different. 

One  other  difficulty  encountered  in  assigning  our  Trematode  to  Trochopus 
is  that  the  nine  rays  of  the  posterior  sucker  of  Trochopus  tubiporus  are 
made  an  important  generic  character.  It  must  be  borne  in  mind,  how- 
ever, that  at  the  time  the  genus  was  instituted  there  was  but  the  one 
species  of  Trochopus  known^viz.,  the  one  with  the  nine-rayed  posterior 
sucker ;  the  number  nine  can,  therefore,  hardly  be  considered  of  more  than 
temporary  generic  value,   and  good  enough  only  till  another  spedes 
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possessing  a    posterior  sucker  having  fewer  or  more  rajB   should  he 
discovered. 

GeniiB  Trigtomaf  Cuvier  (1829). 

Tristama  moke,  Bianchard.     (PI.  VIII.,  fig.  19.) 

TrUtoma  mdUB^  Bianchard,  Ann.  des  Sci.  Nat.,  3  ser.,  vol. 
viii.,  p.  326 ;  Voy.  sur  lea  edtea  de  SicUe,  p.  129,  PI.  II., 
fig.  2,  2  a. 

1863.  Tristoma  moht,  van  Ben.  and  Hesse,  Reckerches  sur  lee 
IHmatodee,  p.  77. 

A  few  specimens  of  this  Tristome  were  taken  from  a  Short  Sunfish 
Orthagoriseus  mola,  sent  to  the  Laboratory,  Bay  of  Nigg,  and  which  had 
been  captured  near  Mallaig,  West  Coast  oi  Scotland,  in  April,  1900. 
The  same  Tristome  was  also  taken  from  a  specimen  of  the  Short  Sunfish, 
captured  in  the  Firth  of  Forth  in  1890. 

The  body  of  this  Tristome  is  nearly  circular,  very  thin  and  flat,  and 
the  margin  is  provided  with  a  thin  crenulate  fringe  that  extends  almost 
entirely  round  it. 

The  specimen  represented  by  the  figure  measures  about  18  mm.  (about 
I  of  an  inch)  in  its  longest  diameter,  but  some  specimens  are  slightly 
longer  than  that.  The  posterior  sucker  is  very  large,  round,  sessile,  un- 
armed, and  divided  into  seven  compartments  by  an  equal  number  of  rays ; 
the  rays  scarcely  reach  to  the  centre  of  the  disk.  The  two  rays  which 
bound  the  sides  of  the  compartment  at  the  base  of  the  sucker  are  joined 
together  by  a  cross-bar ;  there  is  also  a  central  space  formed  by  faint 
lines  joining  the  inner  ends  of  the  seven  rays,  as  shown  in  the  figure 
(fig.  18). 

Tristama  ooccineum^  Cuv.,  has  been  recorded  from  the  Short  Sunfish 
by  Couch  and  referred  to  by  Yarrel,*  but  this  is  probably  an  error,  as 
that  Tristome  is  really  a  parasite  of  the  Swordfish,  Xipkias  gladius^ 
found  in  the  Mediterranean,  and  which  sometimes  wanders  to  our  seas. 
Van  Beneden  suggests  that  the  Tristome  recorded  by  Couch  may  be  the 
T,  papulosa  of  Diesing. 

Sub-Family  Udonbllina* 

Genus  Udonellaj  Johnston. 

Udonella  ealigorum,  Johnston. 

Udonella  caligorumj  Johnston,  Loudon's  Mag.  Nat.  Hist,  vol. 
viii.,  p.  497. 

1858.     Udonella  caligorum,  P.  J.  van  Beneden,  Mem,  sur  les 
vers  intestin,.  p.  13,  PI.  I. 

• 

Habitat, — Usually  attached  to  the  ovisacs  and  posterior  part  of  the 
body  of  Oaligus  curtus  found  living  on  the  Cod  and  other  Gadoids. 
This  is  a  very  common  species  on  Caligus  curtus.  Van  Beneden  and 
Hesse  described  several  other  species  of  UdoneUa,  but  U,  caligarum  is 
the  only  one  I  have,  so  far,  observed. 

*  YarreL  British  Fishes,  vol  ii.,  p.  4S8.  Yarrel  ^ves  two  fiffures  showing  a  dorsal 
and  a  ventnJ  yiew  of  the  Tristome.  The  ventral  new  shows  the  sucker  to  be  seven- 
rayed  like  T,  mola^  but  the  two  posterior  rays  are  not  connected  by  a  cross-bar  as 
in  that  species. 
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Fam.    POLTBTOMATIDA. 

Sub-Fam.  Ootobothrinjs  (Octocotylinjs).* 

TheTrennMLaBin  this  group  are  characterised  for  the  most  part  by 
haviDg  at  the  posterior  end  of  the  bo4y  eight  cupules  or  '*  suckers/' 
differently  arranged  in  different  genera ;  these  cupules  are  abo  eitinr 
sessile  (or  nearly  so),  or  are  situated  at  the  ends  of  short  or  moderately 
long  pedicles. 

Genus  Octobothriunif  Leuckart  (1828). 

Octobothrtum  dloaoe  (Hermann).     (Pi.  VIIL,  fig.  21.) 

1728.     Mazocrces  alosce,  Hermann,  N'aturforscJierf  17  st.,  p.  182, 
t.  iv.,  fig.  13-14. 

1828.     Octobothrtum  atoswt  Leuckart,  Brev.  anim.  descript,  1828. 

1841.     Octobothrium  lancedaium,  Dujardin,  Hdminth^  p.  313. 

1858.     Octobothrium  lanceokUum,   P.  J.  van  Beneden,    Mem. 
vers  intestin.f  p.  45,  PI.  V. 

This  Trematode  lives  on  the  gills  of  the  Allis  and  Twaite  Shads, 
Clupea  alosa  and  Clupea  finta,  and  is  found  sometimes  in  abundance. 
The  body  is  elongated  and  flattened,  and  of  a  narrow-lingulate  form  ;  it 
becomes  narrower  towards  the  anterior  end,  which  is  pointed  or  rounded ; 
towards  the  posterior  end  this  width  of  the  middle  region  of  the  body 
becomes  slightly  less  and  forms  a  kind  of  neck  between  that  region  and 
the  part  bearing  the  posterior  "  suckers  ** ;  this  part,  which,  next  the  neck, 
is  of  moderate  width,  narrows  quickly  to  the  posterior  extremity,  and  has 
a  more  or  less  triangular  outline  ;  four  "suckers-"  are  situated  on  each  of 
the  two  margins  of  this  part,  while  at  the  apex  there  are  four  small  hooks, 
two  of  which  are  much  larger  than  the  others.  At  the  anterior  end  there 
are  twd  small  suckers  situated  to  the  right  and  left  of  the  mouth. 

As  pointed  out  by  van  Beneden,  the  so-called  suckers  at  the  posterior 
end  are  somewhat  different  in  their  structure  from  true  suckers,  but  are 
rather  of  the  nature  of  claws  or  pincers  (his  words  are  "  Oe  ne  sont  pas 
de  ventouses,  mais  plut6t  des  pinces.  Dans  chacun  de  ces  organes, 
on  voit  deux  l^vres  mobiles  articul^  entre  elles  comme  la  m&choire 
des  poissons  plagiostomes."t  Van  Beneden  gives  the  length  of  this 
species  as  from  10  to  12  mm.;  my  specimens  do  not  reach  that  length, 
owing  probably  to  their  having  been  immersed  for  a  considerable  time 
in  alcohol. 

Octobothrium  harengi^  van  Beneden  and  Hesse. 

1863.     Odocotyle  harengiy  v.  Ben.   and  Hesse,   Recher.  sur  les 
Trem,,  p.  98,  PI.  IX.,  fig.  1-10. 

This  species  lives  on  the  gills  of  the  Herring,  Clupea  harengus.  It  is 
of  an  oblong  lanceolate  form ;  the  head  is  at  the  end  of  a  long,  narrow 
neck  ;  the  posterior  part,  where  the  eight  suckers  are  situated,  is  elongate- 
oval,  and  the  suckers  are  arranged  along  the  lateral  margins,  four  on  each 

*  As  the  generic  name  Octocotylt  has  been  set  aside  in  favour  of  Octobothriurfi^  the  name 
of  the  sub-family  requires  to  be  modified  to  correspond  vritb  Uiat  adopted  for  this  genus, 
which  is  the  oldest  genus  among  those  arranged  in  this  sub-family. 

X  Vers  intestlnauz   p.  47. 
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margin,  while  at  the  apex  four  email  hooks,  two  of  which  are  very 
minute,  are  observed.  The  length  of  this  species  is  somewhat  similar  to 
that  of  the  last. 

I  have  only  seen  one  or  two  damaged  specimens  of  OdoMhrium 
harengi;  they  were  obtained  on  the  gills  of  a  herring  sent  from  Annan, 
Sol  way  Firth,  July  30th,  1900. 

Octohotkrium  acomhn  (Kuhn).     (PL  VIIL,  fig.  20.) 

1830.  Octostoma  scombri^  Kuhn,  Mem,  Mu8,  iVHist,  Nai.^  vol. 
xviii. 

1832.  Odohothrium  scombri^  Nordmann,  Mikrog,  Beitrdge^  t  i., 
p.  77. 

1850.  Odoeoiyle  truncatay  Diesing,  Syd.  helminth,,  vol.  i, 
p.  422. 

1863.  Odoeoiyle  scombri,  v.  Ben.  and  Hesse,  Rech,  eur  Its  Trem,^ 
p.  97. 

Habitat. — On  the  gills  of  the  common  Mackerel,  Scomber  seombruSf 
captured  in  the  vicinity  of  Aberdeen,  August  14th,  1900.  Odobothrium 
scombri  is  a  smaller  species  than  the  last  one,  the  specimen  represented 
by  the  figure  is  only  about  5*5  mm.  in  length, — van  Beneden  gives  6  mm. 
as  the  average  length. 

The  body  is  linear-laiiceolate,  very  flat  and  thin  ;  the  head  is  described 
as  being  pointed  and  carried  on  a  neck  of  the  same  size,  but  the  worm 
possesses  sufficient  mobility  to  enable  it  to  some  extent  to  change  its 
form.  The  posterior  suckers  are  arranged  in  two  nearly  parallel  lines, 
and  they  are  carried  on  very  short  retractile  stalks,  and  there  are  also  at 
the  extremity  of  the  posterior  end  two  comparatively  large  and  two  very 
small  hooks,  somewhat  similar  to  those  observed  in  the  other  species  of 
Odobothrium,  The  portion  of  the  body  at  the  posterior  end  occupied  by 
the  eight  suckers  is  more  or  less  distinctly  marked  ofi  from  the  middle 
portion  by  a  narrowing  or  constriction  immediately  in  front  of  tliat 
portion ;  and  it  seems  that  by  this  arrangement  the  two  sides  of  this 
portion,  each  with  its  four  suckers,  can  be  folded  so  as  to  clasp  the  gill- 
filament  to  which  the  animal  may  be  adhering. 

Prof.  P.  J.  van  Beneden  states  that  Odobothrium  scombri  is  not 
common,  and  that  he  rarely  found  more  than  one  or  two  specimens  at 
one  time.*  It  has  been  obtained  on  the  gills  of  the  common  Mackerel 
captured  on  the  coast  of  Belgium  and  La  Manche;  my  son  has  also 
obtained  it  on  Mackerel  caught  off  the  Lancashire  coast.t 

Odobothrium  m^rlangi  (Kuhn). 

1830.  Odostoina  merlangi,  Kuhn,  Mhn,  du  Museum  tVHid, 
Nat,  vol.  xviii. 

1832.  Odohothrium  merlangi,  Nordmann,  Mikrog,  Beitr,,  vol.  i., 
p.  78,  PI.  VII.,  fig.  1-5. 

1895.  Odobothrium  merlangi,  T.  Scott,  Thirteenth  Annual 
Report  of  the  Fishery  Board  for  Scotland,  Part  III.,  p.  172, 
PI.  IV.,  figs.  23,  24. 

Habitat, — On  the  gills  of  the  Whiting,  Gadus  merlangus,  Lin.,  some- 
times not  unfrequent,  especially  on  half-grown  specimens  of  the  fish. 
The  length  of  this  Treniatode  is  usually  about  10  mm.,  but  specimens 
smaller  and  others  slightly  larger  are  occasionally  observed. 

*  P.  J.  van  Beneden,  Lei  Poissons  des  Odfet  de  Belffv/ue^  p.  37. 

t  Fourteenth  Ann.  Kept,  of  the  Liverpool  Mnrine  Biology  Committee,  p.  12  (1900). 
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The  mouth-opening  is  very  near  the  anterior  end  of  the  body,  on  the 
under  side.  This  end  is  very  narrow,  but  the  body,  which  is  flat  and 
thin,  rapidly  expands  iu  width  from  the  anterior  end  backwards  for  a 
short  distance^  whence  the  width  gradually  diminishes  to  the  posterior 
end,  so  that  the  general  outline  of  the  body  partakes  of  a  leaf-like  form. 

Towards  the  posterior  end  of  the  body  the  gradually  converging  margins 
send  out  on  each  side,  and  at  short  intervals,  four  narrow  prolongations 
which  carry  little  suckers  or  cupules  at  their  extremities ;  the  prolonga- 
tions on  the  one  side  can  be,  by  the  animal,  folded  over  towards  those  on 
the  other  side,  so  as  partly  to  surround  and  securely  clasp  the  gill-filament 
of  the  fish  which  for  the  time  forms  its  host. 

I  find  it  to  be  frequently  the  case  that  the  form  of  different  specimens 
of  the  same  species  tends  to  vary  more  or  less,  because  of  their  soft  and 
mobile  bodies  \  this  is  specially  observed  in  specimens  preserved  in  alcohol 
or  removed  from  the  gills  of  fishes  which  have  been  for  some  time  so 
preserved. 

Octobothrium  (1)  esmarkit  (sp.  nov.).     (PI.  VIII.,  fig.  22.) 

Habitai. — On  the  gills  of  a  specimen  of  Oadus  esmarkii,  Nilss.,  captured 
about  sixty  miles  to  the  south-eastward  of  Sumburgh  Head,  Shetland,  in 
September,  1900.  Although  a  considerable  number  of  specimens  of  this 
Gadua  were  examined,  only  the  one  Octobothrium  esmarkii  was  observed. 
This  appears  to  be  a  small  species ;  the  specimen  represented  by  the  figure 
scarcely  reaches  4  mm.  in  length  and  about  2  mm.  at  the  widest  part. 

The  body  is  thin  and  flat  and  is  of  a  broadly  ovate  form.  The  anterior 
end  is  somewhat  wedge-shaped,  and  separated  from  the  rest  of  the  body 
by  a  slight  constriction  on  each  side.  The  posterior  end  is  somewhat 
truncate ;  the  suckers  or  cupules  are  arranged  in  two  rows,  with  four  in 
each  row,  along  the  margins,  and  towards  the  posterior  end  of  the  body, 
as  shown  in  the  figures ;  the  margins  are  slightly  lobate  on  that  part 
where  the  cupules  are  situated,  while  the  cupules  themselves  are  sessile  or 
nearly  so ;  in  front  of  the  anterior  cupule  on  each  side  the  body  is  slightly 
constricted.  The  cupules  seen  under  a  moderately  high  magnification 
exhibit  a  somewhat  complicated  structure,  which  the  artist  has  tried  to 
show  in  the  figure,  but  of  which  it  is  difficult  to  give  a  correct  representa- 
tion j  the  structure  somewhat  resembles  that  observed  in  the  cupules  of 
Fleurocotyle  scombri  (Grnbe). 

I  have  been  unable  to  find  any  published  description  of  this  species,  and 
I  have  given  to  it  the  name  of  the  fish  on  which  it  was  observed. 

Qenns  PhyUoeotyle,  van  Benneden  and  Hesse  (1863). 

Phyllocotyle  gumardi^  van  Beneden  and  Hesse.     (PI.  VIII.,  fig.  23.) 

1863.     Phyllocotyle  gumardi^  v.  Ben.  and  Hesse,  Rech,  sur  les 
Trim,,  p.  103,  PI. 

Habitat, — On  the  gills  of  the  common  Gurnard,  Trigla^  gumardus. 
The  body  is  narrow-oblong,  flat  and  thin  ;  the  head  is  small,  and,  in  the 
living  animal,  is  carried  on  an  elongated  narrow  neck,  but  in  all  the 
specimens  preserved  in  alcohol  which  I  have  examined,  the  head  is  con- 
tracted so  as  to  assume  the  form  represented  by  the  figure  (fig.  23).  Near 
the  posterior  end  there  are  six  sessile  suckers  disposed  in  two  slightly 
converging  marginal  lines,  three  in  each  line ;  they  are  of  medium  size, 
and  have  a  very  complicated  structure.  The  posterior  end  of  the  body  is 
produced  into  a  narrow  elongated  process,  very  thin,  and  apparently 
retractile,  or  capable  of  being  folded  under  the  body ;  I  have  only  seen 
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this  proboscis-like  appendage  extended  in  living  or  recently  dead 
specimens,  but  have  failed  to  find  it  iu  an  extended  position  in  specimens 
preserved  in  alcohol.*  The  form  which  preserved  specimens  assume  is 
well  shown  in  the  figure  already  referred  to.  There  is  at  the  extremity 
of  the  proboscis-like  appendage  a  small  cupule  or  sucker,  in  which  are 
arranged  four  hooks --two  of  moderate  size  and  two  very  small. 

The  specimen  represented  by  the  drawing,  and  which  had  been  for  some 
time  preserved  in  alcohol,  measures  scarcely  2  mm.  in  length  and  about 
*6  mm.  in  breadth. 

Genus  Antfioeotyle,  van  Beneden  and  Hesse  (1863). 

Anthocotyle  merlttccii,  van  Beneden  and  Hesse.     (PI.  Ylll.,  fig.  4.) 

1863.     AntJiocolyle  merluccii,  v.  Ben.  and  Hesse,  Rech,  tur  Us 
Trematodes,  p.  105,  PI.  X.,  figs.  8-12. 

Habitat.— On  the  gills  of  a  Hake,  Merlucitu  meriuccius,  Lin.,  landed 
at  the  Fish  Market  at  Aberdeen,  June  20th,  1900.  A  few  specimens  only 
were  obtained. 

The  authors  referred  to  above  give  the  following  as  the  distinctive 
characters  of  this  genus : — Four  pairs  of  cupules  (cotyles)  posteriorly,  of 
which  one  pair  is  inflated  so  as  to  resemble  little  bladders,  each  of  which 
carries  hooks  and  a  sucker ;  the  other  three  pairs,  which  are  small  and  are 
borne  on  little  stalks,  terminate  the  body ;  the  body  is  very  thin,  but  broad 
in  the  middle,  and  very  narrow  at  both  the  anterior  and  posterior  ends. 
There  appears  to  be  only  one  described  species  of  AntJioeotyle — viz., 
A.  merlwdi. 

The  length  of  the  specimen  represented  by  the  drawing  is  about  16  mm., 
but  the  fish  on  the  gills  of  which  the  Tramatodes  were  found  had  been 
dead  for  some  time,  and  the  specimen  referred  to  may  have  been  stretched 
slightly  beyond  its  normal  length. 

The  body  is  soft,  flat,  moderately  broad  in  the  middle,  and  considerably 
narrowed  at  both  ends.  The  head  is  small,  and  is  carried  on  a  short, 
narrow  neck  ;  it  is  provided  with  a  small  sucker  to  the  right  and  left  of 
the  mouth ;  these  suckers  are  capable  of  being  sub-divided  by  a  con- 
striction or  septum. 

Towards  the  posterior  end,  and  in  front  of  the  lateral  bladder-like 
expansions,  the  width  of  the  body  is  considerably  diminished,  and  forms 
a  kind  of  neck.  The  lateral  expansions  are  of  large  size,  of  a  somewhat 
complicated  structure  on  the  ventral  aspect,  and  are  each  provided  with 
a  small  sucker  on  the  extreme  outer  edge  (not  seen  in  the  drawing). 
From  between  these  expansions  on  their  posterior  aspect  there  springs  a 
narrow  proboscie-Iike  appendage  which  terminates  in  six  small  pediculated 
and  bilobed  suckers,  three  being  to  the  right  and  three  to  the  left  of  the 
apex  of  the  appendage. 

The  learned  authors  of  the  Recherchea  speak  of  this  species  as  being 
unquestionably  the  most  strange  form  that  has  been  discovered  belonging 
to  this  group  of  worms.  The  two  lateral  appendages,  the  three  pairs  of 
pedunculated  suckers  which  terminate  the  body  posteriorly,  together  with 
the  cephalic  termination  of  the  same,  give  to  the  creature  a  peculiar 
aspect. 


*  With  regard  to  thin  appendage  van  Beneden  and  Hesse  remark,  "  Le  p^doneole, 
qui  est  tr^minco  et  con^uemment  tr^-frag^le,  manque  quelquefois,  ot  alon  le 
tr<5matode  parait  avoir  la  [xartie  infdrioure  tronqu^e,  ou  bien  il  est  repH6  Mur  ou  soub  le 
<X)rps  ot  ^happe  faoilement  k  la  vue,"    ReehercheSj  p.  104. 
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Geuus  Fterocotylef  van  Beneden  and  Hesse  (1863). 

« 

Pterocotyle  palmata  (Leuckart).     (PI.  VIII.,  fig.  27.) 

1830.     Octohothrium  palmatunif    Leuckart,  Zool,    Bruch.^    vol. 
iii.,  p.  24,  PI.  I.,  fig.  4. 

1853.     Ociodactylus  inhcerens,  Dalyell,   Powers  of  the  Creator^ 
vol.  ii.,  p.  262,  PI.  XXXVI.,  figs.  1,  2. 

1863.     Pterocotyle  palmata^  v.  Ben.  and  Hesse,  Recherchee  sur 
lee  Trhnatodes,  p.  107,  PI.  XI.,  figs.  1-13. 

Habitat. — On  the  gills  of  Ling,  Molua  molva,  captured  in  the  Moray 
Firth,  and  also  on  the  same  species  of  fish  captured  in  the  Clyde.  This 
parasite  is  sometimes  not  uncommon  on  the  gills  of  the  Ling.  Dalyell 
states  that  on  one  occasion  twenty-nine  specimens  of  various  dimensions 
were  removed  from  a  portion  of  the  gills  of  one  of  these  fishes. 

Pterocotyle  palmata  is  a  moderately  large  species ;  the  specimen 
represented  by  the  figure  measures  about  20  mm.  The  form  of  the  body 
is  elongate-lanceolate,  slightly  wider  in  the  middle  than  at  the  anterior 
end ;  to  the  right  and  left  of  the  posterior  extremity  are  four  pediculated 
sucker-like  cupules,  which  are  capable  of  being  sub-divided  into  at  least 
two  compartments  by  a  membranous  septum  ;  the  eight  pedicles — four  on 
each  side-— extend  outwards  and  backwards  so  as  to  have  a  somewhat  fan- 
like appearance ;  moreover,  the  four  pedicles  of  the  one  group  can  be 
folded  80  as  to  meet  those  of  the  opposite  group,  and  thus  form  together 
a  very  effective  clasping  organ,  by  means  of  wMch  the  animal  is  able  to 
partly  enclose  and  securely  grasp  the  gill-filament  of  its  host 

(?)  Pterocotyle  morrhtioiy  van  Beneden  and  Hesse.    (PI.  VIII.,  figs.  25, 
26.) 

1863.     Pterocotyle  morrhtuBy  v.  Ben.  and  Hesse,  Recherehee  eur 
Iw  Trimatodee,  p.  106. 

Habitat. — On  the  gills  of  a  Cod,  Gadus  callarius^  L.,  about  11 J 
inches  in  length,  captured  in  Aberdeen  Bay,  November  9  th,  1900.  1 
have  also  observed  what  appears  to  be  the  same  Trematode  on  the  gills  of 
one  or  two  Whiting,  Gadus  merlangus.  The  specimen  represented  by  the 
drawing  is  the  one  obtained  from  the  gills  of  the  Cod ;  it  measures  about 
8*5  mm.  in  length,  and  3*5  mm.  in  breadth  at  the  widest  part. 

The  head  is  small,  and  carried  at  the  end  of  a  short,  narrow  neck ;  the 
width  of  the  body  increases  rapidly  from  the  head  backwards  to  near  the 
middle,  but  the  posterior  half  has  the  sides  nearly  parallel.  The  posterior 
end  is  almost  truncate,  and  is  provided  with  six  sucker-like  cupules 
arranged  nearly  in  line  across  the  truncate  end ;  from  behind  the  two  middle 
cupules  a  short  and  moderately  broad  and  thin  prolongation  extends  back- 
wards and  carries  at  each  of  its  outer  angles  a  cupule  somewhat  similar  to 
the  others ;  but  these  two  cupules,  together  with  the  two  immediately  in 
front  of  them,  differ  slightly  from  the  other  four  in  that  they  are  borne  at 
the  ends  of  short  ventral  stalks ;  figure  26  represents  two  of  these 
cupules  seen  in  profile.  This  Trematode,  seen  from  the  ventral  aspect, 
exhibits  several  longitudinal  folds  or  plaits  between  each  of  the  six  cupules 
that  are  arranged  nearly  in  line  across  the  posterior  end,  and  the  plaits 
extend  forward  to  near  the  middle  of  the  body,  and  are  so  arranged 
that  these  six  cupules  appear  as  if  they  were  borne  at  the  ends  of 
peduncles,  each  of  which  is  joined  to  the  next  by  an  expansion  of  the 
dorual  surface.  This  plaited  structure,  together  with  the  general  outline 
of  the  worm,  gives  it  a  form  not  very  unlike  that  of  the  human  hand, 
opened,  and  with  each  finger  touching  the  one  next  to  it. 
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Although  I  have  ascribed  this  curions  Trematode  to  Pterocatyle  morrhw^, 
▼.  Ben.  and  Hesse;  I  regard  its  [)ositi(>n  here  as  a  somewhat  doubtful  one. 
The  examination  of  further,  and,  if  possible,  of  living  specimens,  may  reyeol 
more  clearly  its  true  relationship,  but  till  that  is  done  I  prefer  to  leave  it 
in  the  genus  to  which,  for  the  present,  it  has  been  ascribed. 

Qenus  Dactylocotyle,  van  Beneden  and  Hesse  (1863). 

Bactylocoti/le  poUachiif  van  Beneden  and  Hesse.   (PL  VIII.,  figs.  28,  29.) 

1863.     DadylocotyU  poUacMiy  v.  Ben.  and  Hesse,  Reeh.  sur  lee 
Trem,,  p.  1 10,  PI.  XI.,  figs,  23-30. 

Habitat. — On  the  gills  of  Pollack,  Oadue  paUachius,  L.,  captured  at 
various  times  during  1900  in  the  salmon-nets  at  Bay  of  Nigg,  near 
Aberdeen. 

This  Trematode  seen  from  above  is  somewhat  of  the  form  of  an  elon- 
gated wedge,  thin  and  flat.  The  head  is  small,  situated  near  the  narrow 
end.  The  posterior  extremity  is  broadly  truncate,  and  on  both  margins 
at  this  end  there  are  four  i)eduncles  nearly  equal  in  length,  furnished 
with  termiual  cupules  which  are  divided  into  two  portions  by  a  mem- 
braneous septum;  the  peduncles  are  entirely  free  and  more  or  less 
retractile,  and  capable  of  being  used  as  a  grasping  organ,  as  shown  in 
figure  29,  which  represents  a  Trematode  clinging  to  a  gill*filament  by  means 
of  its  pedunculated  suckers.* 

It  would  appear  from  the  experiment  described  below  that  under  certain 
conditions  these  parasites  though  separated  from  their  host  are  able  to 
survive  for  a  considerable  length  of  time ;  the  experiment  may  be 
briefly  described  as  follows : — At  1 1  a.m.  on  the  1 6th  of  February 
three  specimens  of  Daetylocotyle  pollachii  were  removed  from  the  gills 
of  a  Pollack  and  placed  in  brackish  water  having  a  specific  gravity  of 
about  1011.  In  this  medium  the  Trematodes  exhibited  at  intervals  a  slow, 
clumsy,  groping  movement,  as  if  trying  to  lay  hold  of  something;  there  was 
no  attempt  to  crawl  about  or  move  from  one  place  to  another,  and  when 
placed  on  theii-  back  they  did  not  appear  to  have  even  the  power  to  turn 
over  on  to  the  ventral  surface.  One  of  the  specimens  placed  in  the  brackish 
water  soon  died,  it  had  probably  been  injured  in  the  course  of  removal 
from  the  gills  of  the  fish,  but  the  other  two  continued  to  be  fairly  lively. 
At  11.30  a.m.  on  the  19th,  that  is  at  the  end  of  72  hours,  they  were  both 
transferred  to  clean  fresh  water,  with  the  result  that  after  a  single  hour's 
immersion  in  this  water  only  faint  traces  of  movement  could  be  observed 
in  either  specimen ;  one  of  them  was  then  removed  back  to  the  brackish 
water,  and  after  a  short  time  regained  some  of  its  former  activity.  The 
other  one  which  had  been  left  in  the  fresh  water  had  at  the  end  of  the 
second  hour  ceased  to  move,  and,  though  removed  back  to  the  brackish 
water,  it  continued  motionless,  and  soon  began  to  change  colour.  The 
specimen  which  had  only  been  left  one  hour  in  the  fresh  water  continued 
to  show  signs  of  life  up  to  4  p.m.  of  the  21st,  or  five  days  and  five  hours 
after  being  removed  from  the  gills  of  the  fish;  when  examined  next 
morning  the  creature  had  succumbed.  Probably  had  the  trematode  been 
kept  in  sea  water  instead  of  brackish  water  it  might  have  lived  for  a 
longer  time. 

The  species  appears  to  be  a  common  one  on  the  gills  of  the  Pollack  in 
our  seas,  and  van  Beneden  and  Hesse  state  that  they  have  found  it  at  all 
times  of  the  year  in  great  abundance  on  the  gills  of  the  same  fish. 

'llie  specimen  represented  by  the  figure  measures  about  10  mm. 

*  These  suuken,  on  their  anterior  aspect,  are  beset  with  numerous  minute  prickles  or 
spines  ;  but  they  do  not  seem  to  extend  round  to  the  posterior  aspect.  The  prickly  are 
easily  noticed  when  the  suckers  are  exserted. 
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Genus  Onchocotyle^  Diesing  (1850). 

Onchocotyle  appendiculata  (Kuhn).     (PL  VIII.,  figs.  30,  31.) 

1830.     Polystoma  appendicidatunij  Kuhn,  Mem,  du  Mim.  d^Hist, 
Nat.y  vol.  xviii.,  p.  362. 

1829.     Polystoma  appendicvkdum^  idem,  Ann,  des  Sc,  d^obseruat.f 
t.  ii.,  p.  460,  PI.  II.,  fig.  1  -3. 

1832.     Polystoma  appendiculatumy  Nordm.,  Mikrog,  Beitr,^  t.  i. 

1850.     Onchocotyle  appendiculata,   Diesing,  System,  Helminth., 
vol.  i.,  p.  419. 

1858.     Onchocotyle  appendiculata,  van  Beneden,  Mem,  sur leavers 
intestin.,  p.  54,  PI.  VI. 

Habitat, — On  the  gills  of  the  Grey  Skate,  Eaia  hatis,  and  the  Thorn- 
back  Skate,  Raia  clavata,  landed  at  the  Fish  Market  at  Aberdeen  in  June, 
1900. 

These  parasites  are,  according  to  van  Beneden,  distinguished  by  a  body 
of  extraordinary  mobility,  a  mouth  without  lateral  suckers,  and  by  the 
body  being  bifurcated  at  the  posterior  end,  and  carrying  at  a  certain 
distance  from  the  extremity  six  large  fieshy  suckers  supported  by  a  stout 
plate.* 

The  posterior  end  is  usually  folded  back  upon  the  ventral  aspect  of  the 
body.  Figures  30  and  31  exhibit  a  front  and  side  view,  showing  the 
position  of  the  six  suckers  on  the  recurved  posterior  end. 

P.  J.  van  Beneden  found  this  Trematode  in  abundance  on  the  gills  of 
Mustelus  vulgaris  ;  it  has  also  been  recorded  by  the  same  author  from  the 
gills  of  Oaleorhintu  galeus  (L.)  and  Scylliorhinus  caiulus  (Guv.). 


DESCRIPTION   OF  PLATES. 


PLATE  VII. 
Ergaailus  nanus,  Eklw.  v.  Beneden.  Di&m. 


Fig.  1.  Female,  dorsal  view 

Fig.  2.  Antennule 

Fig.  3.  Antenna  . 

Fig.  4.  Foot  of  first  pair 

Fig.  5.  Foot  of  third  pair 

Fig.  6.  Foot  of  fourth  pair 

Fig.  7.  Foot  of  fifth  pair 

Fig.  8.  Abdomen  ana  caudal  farca 


X  51. 

X  116. 

X  102. 

X  96. 

X  96. 

X  96. 

X  193. 

X  64. 


Cdliyua  Mombri,  Basset-Smith. 


Fig.    9.  Female,  dorsal  view        .  .       x  15*5. 

Fig.  10.  Sternal  fork         .......       x   102. 

ClaveUa  hippoglom,  Kroyer. 

Fig.  11.  Male,  donal  view  ......       x  25*5. 

Lemcea  lumpi,  T.  Soott  (sp.  n.) 

Fig.  12.  Female,  side  view  (m — mouth)  ".  .       x       2. 

*  P.  J.  van  BenedeD,  M^m.  sur  les  vers  Intestinaux,  p.  64. 
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^Ayrion  lumpi  (Ktdyer). 
I.  Fenule,  dorwl  viow       ..... 


Chtmdracanthia  tn 
.  Pomale,  donal  view 


OKaropimu  dubhu,  T.  Scott. 


Pig.  IS.  Female,  doraal  v 


Charopmu»  daimaimi,  R«Uiui. 
jcilliped,  eolarged- 

Charopiiuis  nanoius,  Kroyer. 


Pig  17. 

Fig.  18. 

Fig.  19. 

Fig.  30. 

Fig.  21. 

Fig.  22. 

Pig.  23. 


Fig.  24. 
Fig.  2S. 
Fig.  26. 
Fig.  27. 

Pig.  28. 
Fig.  29. 


Fig.  30. 

Fig.  31. 

Fig.  32. 

Fig.  33. 

Fig.  34. 

Fig.  SS. 


Female,  doriAl  view 

,,       BJde  view 
Antennule 
Antenna  , 
Mandible 
Maxilla 
First  maxiUiped 


Braehiella  Iriglie,  Clans. 


Female,  dorral  view,  i 

Antennule 

Aiit«mia  . 

Mandible 

Maxilla    . 

Fir.t  maxilliped 


Braehidta  ovtUii,  Kroner. 


Female,  aide  view, 
Antennule 
Antenna  . 
Mandible 
Maxilla  . 
Pint  maxilliped 


PLATE  VIII. 


AruJiortila  tUliata,  Krojer, 


Fig,     3.  Female,  side  v, 


AnchotvSa  Kim^/ri,  Kuir. 


(F)  Lemaopoda  ip. 


4.  (!)  Male,  dde  view 
G.  Antennule 
6.  Antenna  . 
7-  Mandible 

8.  Maxilla    . 

9.  First  maxilliped 

10.  Second  maxilliped 
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Anchordla  (?)  hrevicoUis^  M.-Edw. 


Fig.  11.  Female,  side  view 

Fig.  12.  Antennule 

Fig.  13.  Antenna 

Fig.  14.  Mandible 

Fig.  16.  Maxilla    . 

Fig.  16.  First  maxiUiped 


Diam. 

X  16 -S. 
X  290. 
X  164. 
X  290. 
X  290. 
X  96*6. 


Fig.  17. 

Fig.  18. 

Fig.  19. 

Fig.  20. 

Fig.  21. 

Fig.  22. 

Fig.  23. 

Fig.  24. 

Fig.  26. 

Fig.  26. 

Fig.  27. 

Fig.  28. 

Fig.  29. 

Fig.  30. 

Fig.  31. 


Trematodes. 

Phyllonella  sole®,  van  Beneden  and  Hesse 
Trochopus  lineatus,  sp.  n. 
Tristoma  molse,  Blanchard 
Octobothrium  scombri  (Kuhn) 

,,  cUoscBf  Hermann 

,,  esmarkii,  sp.  n. 

Phyllocotyle  gumardi,  van  Beneden  and  Hesse 
Anthocotyle  merluccii,  van  Beneden  and  Hesse 
Pterocotyle  morrhuse,  van  Beneden  and  Hesse. 

„  „        side  view  of  the  central  suckers 

,,  palmata  (Leuckart) 

Dactylocoty]^  pollachii,  van  Beneden  and  Hesse 

„  ,,        showing  specimen  attached  to  a  gill 

filament 
Onchocotyle  appendiculata  (Kuhn) 

side  view,  showing  arrangement  of 
suckers  ..... 
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V.  ON  THE  RATE  OF  GROWTH  OF  THE  COD,  HADDOCK, 
WHITING,  AND  NORWAY  POUT.— By  T.  WEMYSS 
FULTON,  M.D.,  F.RS.E.,  Scientific  Supbwntkndbnt. 
(Plates  IX.-XVI.) 
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Introduction. 

In  the  following  pages  are  given  the  results  of  an  investigation  on  the 
rate  of  growth  of  the  cod,  haddock,  whiting,  and  Norway  pout.  The 
method  adopted  consisted  in  the  measurement  of  the  fishes  named  which 
were  caught  in  a  trawl-net  on  various  occasions  in  Aberdeen  Bay,  the 
Moray  Firth,  the  oif-shore  grounds,  and  the  Clyde,  for  the  most  part  by 
the  steam-trawlers  "  St.  Andrew  "  and  "  Star  of  Hope,"  and  to  a  small 
extent  by  the  s.s.  '^  Grarland/'  In  the  former  case  the  cod-end  of  the  large 
otter-trawl  used  in  ordinary  fishing  operations  was  enclosed  in  a  bag  of 
fine-meshed  netting  which  caught  the  fishes  that  escaped  through  the 
meshes  of  the  otter-trawl.  These  were  placed  in  a  weak  solution  of 
formaline  in  tanks  and  taken  to  the  Marine  Laboratory  at  Bay  of  Nigg, 
where  they  were  measured.  The  fish  taken  in  the  trawl-net  itself  were 
measured  on  board.  In  the  case  of  the  "  Garland  "  the  fishes  were  first 
soaked  in  formaline  and  then  forwarded  to  the  Laboratory. 

The  numbers  of  the  various  species  dealt  with  were  as  follows : — Cod^ 
2493;  haddock,  9346;  whitiugs,  18,466;  Norway  pout>  3937— the  total 
being  34,242.  The  length  of  each  fish  in  millimetres  (jV^nch)  was 
recorded  on  a  form  prepared  for  the  purposp,  and  the  measurements 
grouped  themselves  on  each  side  of  a  maximum  or  average,  according  to 
the  annual  series  or  generation  represented.  These  in  some  cases,  as  in 
the  Norway  pout,  were  very  distinct  from  one  another,  and  there  was  no 
difficulty  in  separating  the  early  generations  in  this  way.  Owing,  how- 
ever, to  the  variation  in  the  rate  of  growth  of  individuad  fishes,  and  the 
accentuation  of  this  variation  with  age,  one  series  or  generation  may 
become  blended  more  or  less  with  the  next,  and  it  was  thus  found  to  be  a 
matter  of  extreme  difficulty  to  separate  the  older  generations.  Further 
observations  are  required  with  regard  to  these,  particularly  in  the  case  of  the 
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cod.  After  ono  group  or  generation  had  been  satisfactorily  separated  from 
another,  the  number  of  fishes  under  each  millimetre  measurement  within 
the  limit  of  the  group  was  then  ascertained,  and  the  number  of  milli- 
metres and  the  number  of  fish  were  multiplied  together.  This  was  done 
in  each  case,  and  the  sum  of  the  products  was  divided  by  the  number  of 
fish  in  the  group,  which  gave  the  mean  or  average  size  of  the  fishes  of  the 
group  at  the  date  when  they  were  caught.  It  will  be  found  that  unless 
when  the  number  of  fishes  is  small  the  correspondence  of  the  averages  in 
different  hauls  at  the  same  place  and  time  is  very  close.  By  comparing 
the  mean  size  of  one  series  with  that  of  the  next  higher  series  at  the  same 
date  and  place  the  apparent  iucrement  of  growth  in  one  year  was 
ascertained ;  and  by  comparison  of  the  mean  size  of  the  fishes  in  one  and 
the  same  series  at  different  dates  the  amount  of  growth  in  the  interval 
was  determined. 

The  method  adopted  was  first  made  use  of  by  Dr.  Petersen  in 
investigating  the  rate  of  growth  of  the  plaice ;  and,  as  will  be  seen  in 
the  sequel,  it  might  also  be  useful  in  throwing  light  on  the  migrations  of 
fishes,  if  carried  out  systematically  and  on  a  proper  scale.  The  measure- 
ment of  the  small  fishes  caught  in  the  fine-meshed  net  were  made  by 
myself ;  but  in  measuring  those  caught  in  the  otter-trawl  I  received  much 
assistance  from  Mr.  H.  Danuevig,  who  also  undertook  this  work  when  I 
was  not  on  board  and  recorded  the  measurements  in  deck-books.  All  the 
measurements  of  fishes  caught  in  the  otter-trawl  during  the  trip  of  the 
St,  Andrew  to  the  deep-water  grounds  in  October  were  made  by  Mr. 
Dannevig.  I  have  also  to  thank  Mr.  P.  Jamieson  for  assistance  in  the 
enumeration  and  measurement  of  the  fish. 

THE  NORWAY  POUT  {Qadw  esmarkii,  NOsson). 

As  I  have  stated  elsewhere  in  this  Report  (p.  282),  the  Norway  pout 
was  found  in  abundance  in  the  deeper  waters  of  the  North  Sea,  and  also 
in  water  of  moderate  depth  off  Aberdeen  Bay  and  in  the  Moray  Firth. 
It  is  convenient  to  consider  the  rate  of  growth  of  this  species  first,  both 
because  large  numbers  were  taken  in  single  hauls,  and  because  the  young 
fishes  are  found  on  the  same  grounds  with  the  older  individuals.  The 
groups  of  fishes  of  one  season  are  pretty  sharply  divided  from  those  of 
the  following  season,  except  in  the  case  of  the  older  forms,  and  we  are 
thus  able  to  decide  with  considerable  accuracy  their  respective  limits  and 
rate  of  growth. 

I.  Deep-Watbb  Hauls. 

The  fish  caught  in  the  hauls  in  the  deeper  water  may  first  be  dealt 
with.  These  hauls  were  four  in  number,  viz.,  on  31st  August  and  4th 
September  at  a  spot  approximately  65  miles  S.E.  by  E.  of  Sumburgh 
Head,  Shetland,  and  in  depths  of  from  62  to  66  fathoms ;  and  on  16th 
and  19th  October  at  a  spot  about  16  miles  S.E.  of  Fair  Isle,  in  depths 
of  60  and  65  fathoms  repectively.  They  were  all  made  on  board  the  steam- 
trawler  "  St.  Andrew,"  the  cod-end  of  the  trawl-net  being  enveloped  by 
a  bag  of  fine-meshed  (^-inch  mesh)  netting  in  the  way  elsewhere  described 
(see  p.  62),  and  it  was  in  this  outer  net  that  the  specimens  of  this 
species  were  captured. 

(1)  Hauls  in  August  and  September, 

In  the  first  haul,  on  31st  August,  which  lasted  for  30  minutes,  and  was 
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made  in  66  fathoms,  the  number  taken  was  551,  and  their  sizes,  grouped 
in  centimetres,  are  as  follows : — 
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The  smallest  specimen  measured  110mm.,  and  the  largest  213mm.  On 
grouping  the  numbers  of  fish  under  each  millimetre  between  the  two 
extreme  sizes  mentioned  it  was  obvious  that  tliey  were  divided  into  two 
annual  series,  the  first  beginning  at  1 10mm.  and  terminating  at  or  about 
162mm.,  the  second  beginning  at  the  latter  point  and  ending  at  213mm. 
This  is  more  clearly  shown  by  arranging  the  first  in  *5cm.  groups,  from  a 
little  before  the  place  of  division  (from  14cms.),  as  follows  : — 114,  63,  28, 
20,  7,  15,  25,  21,  14,  5,  6,  1,  1,  0,  1— 

The  first  series  comprises  460  fish,  the  smallest  measuring  110mm., 
the  next  120mm.,  and  the  next  124mm.;  the  largest  measures  162mm., 
and  the  range  from  the  smallest  to  the  largest  in  this  series  is  therefore 
52  mm.,  or  barely  over  two  inches.  The  mean  or  average  size  of  the  460 
fish  is  140'2mm.,  or  slightly  more  than  5^  inches. 

The  range  of  the  second  series,  which  contains  91  fish,  is  nearly  the 
same,  viz.,  50mm. ;  and  the  mean  or  average  size  is  176*8mm.,  or  close 
upon  seven  inches.  The  difference  between  the  mean  of  the  two  groups 
is  therefore  36*6mm.,  or  barely  1|  inches,  and  this  represents  the 
increment  of  growth  in  the  course  of  a  year. 

The  haul  of  4th  September,  on  the  same  grounds,'*'  in  62 :{  fathoms, 
lasted  for  two  hours,  and  the  number  of  Gadus  esmarkii  taken  was 
1211  (PI.  IX.).  Arranged  in  centimetre  groups  according  to  their  sizes 
they  are  as  follows  : — 
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In  this  haul  the  smallest  specimen  measured  51mm.,  and  the  largest 
200mm.,  and  when  they  were  arranged,  as  before,  according  to  their  lengths 
in  millimetres  they  fell  into  three  groups  or  series.  The  Hrst  series,  not 
at  all  represented  in  the  previous  haul,  comprised  632  fishes  ranging 
from  51  to  92mm.,  with  a  difference  therefore  between  the  largest  and 
the  smallest  of  41  mm.  The  mean  or  average  size  of  this  group  was 
78 '7mm.,  or  scarcely  3^  inches.  There  was  no  fish  at  all  between  92mm. 
and  117mni.,  the  size  of  the  smallest  specimen  of  the  second  series,  so 

*  The  vewel  continued  fishing  in  the  same  locality,  but  the  distance  between  the  spots 
where  the  two  hauls  were  made  may  have  amounted  to  several  miles,  perhaps  fifteen. 
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that  these  two  annual  groups  are  very  distinctly  divided  from  one  another. 
The  second  series  coiuprised  498  fishes,  ranging  in  length  from  117mm. 
to  155mm.  or  thereahouts,  with  a  range  between  the  smallest  and  the 
largest  of  38mm.  The  average  size  of  this  group  was  136'Omm.,  or  about 
5|  inches. 

The  division  between  the  second  and  third  serieji  is  not  so  distinct  as 
between  the  first  and  third.  When  arranged  in  *5cm.  groups  the  numbers 
of  fish  at  the  place  of  junction  and  to  the  end  of  the  series  are  as  follows, 
starting  from  14cm.,  viz.— -71,  26,  14,  12,  15,  19,  15,  13,  3,  2,  2,  1,1,  0. 
In  groups  of  2mm.,  from  145mm.  on  to  168mm.  they  dispose  themselves 
thus :— 16, 12,  8,  5,  4,  2,  5,  7,  7,  6,  7,  10.  The  lowest  number,  viz.— 2 
at  155mm. — is  taken  as  the  point  of  division.  The  number  of  fish  in  this 
third  series  was  81,  measuring  from  157mm.  to  200mm.,  with  a  difference 
between  the  largest  and  the  smallest  of  43mm.  The  average  size  of  the 
81  fish  was  168'9mm.,  or  a  little  over  6|  inches. 

According  to  the  measurements  of  the  fish  in  this  haul,  then,  the 
differences  between  the  average  size  of  those  in  each  of  the  annual  groups 
or  series  is :  Between  the  first  and  second,  57 '3mm.,  or  about  2\  'inches, 
and  betweeu  the  second  and  third,  32 '9mm.,  or  about  1-^  inches.  These 
differences  represent  the  extent  of  the  mean  annual  growth  between  the 
series. 

The  measurements  of  the  fish  in  the  two  hauls  above  detailed  may  be 
thus  represented  in  annual  series  : — 


3l8t  August. 

No. 

•  •  • 

460 
91 

Average 
Size. 

Kange  of 
Size. 

Difference. 

Annual 
Growth. 

Ist  Series,     . 
2nd  Series,    . 
3rd  Series, 

•  •  • 

UO-2 
176-8 

.  *  • 
110-162 
163-213 

... 
52 
50 

•  •  • 

•  •  • 

36-6 

4th  September. 

No. 

Average 
Size. 

Range  of 
Size. 

Difference. 

• 

Annual 
Orowth. 

Ist  Series,     . 
2nd  Series,    . 
3rd  Series,     . 

632 

498 

81 

78-7 
136  0 
168-9 

51-92 
117-155 
157-200 

41 
38 
43 

... 

57-3 
32-9 

It  will  be  seen  that  the  results  of  the  measurements  of  the  two  hauls 
do  not  quite  correspond.  In  the  earlier  haul  both  the  aveiage  size,  the 
range  of  size,  and  the  increment  of  growth  are  somewhat  greater  than  io 
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the  second  haul.  The  average  size  of  the  Beoond  series  is  greater  by 
4 '2mm.,  or  ^  of  an  inch,  not  a  very  considerable  difference ;  the  average 
size  of  the  third  series  is  7*9mm.,  or  about  \  of  an  inch  greater.  The 
annual  increment  of  growth  between  the  second  and  third  series  calculated 
on  the  first  haul  is  3*7 mm.,  or  \  of  an  inch,  greater  than  that  calculated 
on  the  second  haul — ^an  inconsiderable  difference.  There  is  more 
difference  between  the  range  of  sizes  in  tlie  series,  but  this  is  not  so 
important,  because  as  the  point  of  division  is  determined  by  the  curve  of 
the  respective  numbers,  the  inclusion  or  exclusion  of  one  or  a  few 
specimens  at  either  end  of  the  series  is  of  little  or  no  importance  in 
modifying  the  average  size  deduced,  unless  the  whole  number  be  small. 
Thus  in  the  haul  of  31st  August  there  were  two  large  fish  of  204  and 
213  mm.,  while  in  the  haul  of  4th  Septeml>er  the  two  largest  were  196 
and  200  mm.  If  the  two  former  be  omitted  from  the  calculation  the  varia- 
tion oi  size  in  the  series  will  be  reduced  to  37mm.,  or  *6mm.  lower  than 
the  difference  of  the  range  in  the  haul  of  4th  September,  while  the 
average  size  of  the  series  will  fall  by  only  0*4mm.,  although  the  series 
contains  only  81  fish. 

Since  the  two  hauls  were  taken  on  the  same  grounds,  with  an  interval 
of  only  four  days,  the  measurements  might  be  combined  in  order  to 
furnish  an  average  deduced  from  a  greater  number  of  fish.  If  this  be  done, 
then  we  get  an  average  size  for  the  958  fish  comprising  the  second  group 
or  seria<«  of  138*lmm.,  and  of  173'6mm.  for  the  172  fish  of  the  third 
series,  showing  an  annual  rate  of  growth  of  35*5mm.  between  the  two 
generations. 

(2)    Hauls  in  October. 

Two  hauls  were  made  in  October  with  the  fine-meshed  net  enveloping 
the  cod-end,  one  on  the  16th  and  one  on  the  19  th,  both  in  the  same 
locality,  about  16  miles  S.E.  of  Fair  Isle.  The  haul  on  the  16th,  which 
was  in  65  fathoms  and  lasted  one  hour  and  a  half,  yielded  1923  specimens 
of  Gadus  esmarkii  (PI.  IX.).  They  varied  in  size  from  66mm.  to  197mnL, 
the  centimetre  groups  being  as  follows : — 
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In  this  case  also,  as  in  the  haul  of  4th  September,  we  have  three 
generations  or  annual  series  represented,  but  the  size  and  distinctness  of 
the  third  of  these  is  not  so  definite.  The  first  series  comprises  1540  fish 
ranging  in  size  from  66mra.  to  115mm.,  with  a  difference  between  the 
largest  and  the  smallest  of  49mm.  The  average  size  of  this  series,  calcu- 
lated from  the  millimetre  measurements,  is  87'7mm.,  or  barely  3J  inches. 

The  second  annual  series  comprises  373  fish,  and  begins  at  124mm.,  a 
gap  of  8mm.  separating  it  from  the  previous  series.     The  end  of  the 
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series  is  not,  however,  so  readily  defined.  The  two-millimetre  grouping, 
from  155ium.  on,  is  as  follows : — 

9,  7,  8,  2,  2,  2,  4,  1,  2,  0      |      0,  4,  3,  0,  0,  0,  1,  0,  0,  1,  0,  1,  0. 

I  have  placed  the  point  of  division  at  172mm.;  it  might  perhaps  be  placed 
at  169mm.,  which  would  exclude  three  fish,  but  would  not  make  any 
material  change  in  the  average  size  (viz.  0*2 mm.).  According  to  the 
division  indicated,  the  average  size  of  the  fish  of  this  generation  is 
143*5mm.,  or  5|  inches,  showing  an  increment  of  annual  growth  of 
55*8mm.,  or  2^^  inches.  This  corresponds  pretty  closely  with  the 
increment  of  annual  growth  deduced  from  the  measurements  of  the  fishes 
taken  in  the  haul  of  4th  September — viz.,  57*3mm.,  being  only  l*5mm. 
less. 

The  third  series  in  this  haul  is,  as  already  indicated,  imperfect,  com- 
prising only  ten  fishes  from  177mm.  to  197mm.,  with  an  average  size  of 
18 2*  5mm.  The  number  is  too  small  to  form  a  trustworthy  basis  for  the 
average  size. 

The  hanl  on  the  19th  October  in  the  same  locality,  in  66  fathoms, 
lasted  also  for  an  hour  and  a  half,  and  the  number  of  Oadus  esmarkii 
captured  and  brought  to  the  Laboratory  was  very  large — viz.,  5084.  Time 
could  not  be  spared  to  measure  and  record  the  measurements  of  all  these, 
but  this  was  done  for  257  of  them.  Of  these,  11,  ranging  from  75  to 
96  min.,  clearly  belonged  to  the  first  series,  and  also,  I  think,  two  at  1 J  0 
and  116  mm.,  although  the  latter  might  fall  into  the  second  group.  The 
average  of  so  small  a  number  is  not,  perhaps,  of  much  value,  but,  on  the 
assumption  stated,  it  was  86'9mm.,  which  is  only  0'8mm.  lower  than  the 
average  for  the  corresponding  series  in  the  previous  haul. 

The  next  series  contained  243  fishes,  ranging  from  119mm.  to  168mm., 
showing  A  difference  of  49mm.  between  the  largest  and  the  smallest  of  the 
same  generation.  The  average  size  was  143'7mm.,  or  almost  exactly  the 
same  as  the  corresponding  average  in  the  haul  on  the  16th,  which  was 
143*5mm.     The  third  series  was  not  represented  among  those  measured. 

This  haul  was  valuable  for  a  special  reason.  I  had  observed  that  when 
the  bag  of  fish  was  swung  on  board  the  smaller  fishes  sometimes  protruded 
from  or  passed  through  the  meshes  of  the  fine -meshed  net  around  the 
cod-eiML  I  accordingly  had  the  end  of  the  fine-meshed  net  enclosed 
loosely  for  about  a  yard  up  with  fine  mosquito  netting,  in  order,  if 
possible,  to  catch  the  very  small  fishes  that  escaped  before  the  net  was 
brought  on  board.  It  was,  however,  found  that  the  pressure  of  the  water 
passing  through  the  mosquito  netting  at  the  rate  at  which  it  was  towed 
burst  it ;  but  notwithstanding  this  a  few  of  the  smaller  fishes  were  dis- 
covered in  its  folds,  and  among  them  was  a  specimen  of  Gadua  esmarkii 
only  31mm.  in  length.  The  discovery  of  so  small  a  specimen  in  October 
which  had  passed  through  the  fine-meshed  netting  hitherto  employed  is 
of  interest.  The  smallest  specimen  of  this  series  in  the  other  haul  in 
October  was  66mm. ;  in  the  haul  at  the  beginning  of  September  it  was 
51mm.  The  difference  in  size  thus  amounts  to  35mm.  So  great  a 
difference  might  lead  to  the  suppoeition  that  the  specimen  belonged  to 
another  series,  but  the  most  likely  explanation  is  that  it  was  a  small 
individual  of  the  same  group,  probably  in  the  pelagic  stage,  the  others 
having  escaped  capture.  The  circumstance  shows  that  the  limits  and 
averages  of  this  series  cannot  be  accurate,  and  would  be  considerably 
modified  if  a  complete  collection  of  the  smaller  sizes  could  be  made.  A 
thorough  exploration  of  the  intermediate  layers  of  water  with  suitable 
apparatus  is  much  to  be  desired. 

Comparison  may  now  be  made  between  the  averages  for  the  hauls  in 
August  and  September  and  those  for  October,  in  order  to  ascertain  the 
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increment  of  growth  in  the  interval,  and  also  to  see  how  this  increment 
agrees  with  the  annual  increment  deduced  from  the  comparison  of  the 
various  series  at  the  same  date. 

The  632  fishes  of  the  first  series  in  the  haul  of  4th  September  had  an 
average  size  of  78'7mm.  In  the  haul  of  16th  October  the  corresponding 
average  size  of  the  1540  fishes  was  S7'7mm.  The  increase  in  length  of 
this  generation  in  the  interval  of  42  days  which  elapsed  between  the 
hauls  was  therefore  9mm.,  or  at  the  rate  of  *2143mm.  per  day.  On  this 
basis  the  average  increase  of  length  in  a  year  ought  to  amount  to  78'2mm., 
on  the  assumption  that  the  rate  of  growth  was  uniform  throughout  the 
year.  But  we  have  seen  that  the  increment  of  annual  growth  between 
the  first  and  second  series  in  the  September  haul  was  57 '3mm.,  which 
would,  at  the  rate  indicated,  represent  a  continuous  growth  for  only  267 
days  (267*4)  out  of  the  365.  In  the  haul  on  16th  October  the  cor^ 
responding  annual  increment  was  55 '8mm.,  which,  on  the  same  basis,  is 
equivalent  to  continuous  growth  for  a  period  of  260  days  (260*4).  The 
mean  of  these  numbers  would  indicate  continuous  growth  for  264  days. 
It  is  well  known — although  the  subject  still  requires  more  exact  investi- 
gation— that  the  growth  of  fishes  is  greatly  retarded  or  arrested  during  the 
winter  months,  and  this  circumstance  no  doubt  explains  the  variations 
stated.  In  this  case  the  numbers  appear  to  show  complete  arrest  of 
growth  for  101  days,  or  three  months  and  about  ten  days ;  but  as  the 
seasonal  change  in  the  temperature  of  the  sea  is  gradual,  sinking  from 
October  to  March,  and  rising  thereafter,  it  is  probable  that  the  retarda- 
tion of  growth  is  also  gradual  and  extends  over  a  longer  period  than  that 
described  above. 

The  average  size  of  the  second  series  of  fishes  in  the  September  haul, 
498  in  number,  was  136*0mm.  In  the  haul  of  16th  October  the  cor- 
responding average  was  143*5mm.,  and  in  the  haul  of  19th  October  it 
was  143 '7  mm.  The  average  increase  in  length  in  this  generation  was 
therefore  7 '5mm.  in  the  interval  of  42  days  in  the  one  case,  and  7'7mm. 
in  the  interval  of  45  days  in  the  other  case,  or  a  mean  increase  of  7*6mm. 
in  43  J  days.  This  is  equivalent  to  a  rate  of  growth  of  •1747mm.  a  day — 
less,  therefore,  than  in  the  smaller  fish  of  the  previous  generation — and  to 
an  annual  increment  in  a  year  of  6 3 '8mm.  The  calculated  annual 
increment  of  this  series  in  the  September  haul  was  32*9mm. ;  and  this 
would  represent,  at  the  rate  indicated,  continuous  growth  for  only  188 
(188'3)  days,  and  arrest  of  growth  for  178  days,  or  nearly  six  months. 
The  average  annual  increment  according  to  the  haul  in  August  was 
36 '6mm.,  which  is  equivalent,  on  the  same  basis,  to  continuous  growth  for 
209  (209 '5)  days,  and  arrest  of  growth  for  slightly  over  five  months.  In 
this  generation,  therefore,  it  would  appear  that  not  only  the  amount  of 
annual  increment  is  less  than  in  the  previous  generation,  but  that 
retardation  of  growth  in  the  winter  is  more  prolonged. 

II.  Hauls  off  Abebdbsnshirb. 

In  October  and  November  specimens  of  Oadus  esmarkii  were  procured 
by  the  "  Garland"  off  the  coast  at  Aberdeen  {see  p.  282).  On  the  12th 
October  26  were  taken  by  the  shrimp-trawl  in  32^-33  fathoms,  ranging 
in  size  from  59  to  107  mm.,  and  belonging  to  the  same  generation  as  the 
A  series  in  the  other  hauls.  The  one  next  in  size  to  the  smallest  was 
78mm.  in  length,  showing  an  interval  of  19mm.  The  average  size  of  th« 
lot  was  96'3mm.,  or  about  3}|  inches.  Other  hauls  on  23rd  and  24th 
October,  in  from  36  to  60  fathoms,  yielded  201  specimens.  Of  these,  200, 
ranging  in  size  from  87  to  117  mm.  form  a  first  series,  with  an  averaga 
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length  of  lOl'dmm.,  or  4  inches,  a  range  of  SO  mm.  There  was  also  one 
which  measured  164mm.  and  represented  the  next  annual  series  or 
generation. 

On  November  7th,  a  haul,  in  from  45-53  fathoms,  yielded  63 
specimens,  of  which  60  ranged  from  80  to  117  mm.,  and  two  measured 
168  and  170  mm.  respectively.  The  average  size  of  the  former  group  was 
102 '9mm.  Another  haul  on  the  9th  November,  made  with  the  small- 
meshed  net  over  the  cod-end  of  the  large  otter-trawl  of  the  "  St.  Andrew,'' 
in  9  to  10  fathoms,  produced  51  specimens  from  83  to  114  mm.  in  length, 
the  average  being  99*2mm. 

The  averages  are  high  when  compared  with  the  corresponding  averages 
of  the  hauls  off  Fair  Isle  in  October,  viz.,  86 '9  and  87  7  mm.  This  may 
be  partly  due  to  the  smaller  numbers  from  which  the  averages  are  derived, 
although  all  the  four  averages  for  the  Aberdeen  coast  are  larger ;  or  to 
the  smaller  fishes  of  the  series  remaining  for  the  moat  part  further 
offshore,  which  again  is  not  supported  by  the  capture  of  one  at  59mm.  It 
may  not  improbably  be  owing  in  reality  to  a  greater  rate  of  growth  in  the 
waters  near  the  shore,  which  seems  to  be  also  exhibited  in  some  other  cases. 
Comparison  of  the  averages  of  the  hauls  by  the  '' Garland '*  rather  supports 
this  explanation,  showing  between  12th  October  and  23rd  October  and 
7th  November,  respectively,  increments  of  increase  of  4*lmm.  in  11  days 
and  of  5 '2mm.  in  26  days.  On  the  other  hand,  the  increase  in  the  15  days 
between  23rd  October  and  7th  November,  when  the  bottom  temperature 
had  fallen  1*8°  F.,  was  only  I'lmm.  The  average  of  the  "  St.  Andrew's  " 
catch  on  November  9th  was  only  99'2mm.,  less  therefore  than  the 
"  Garland  "  averages,  except  the  one  on  October  12th,  but  greater  than 
the  average  of  the  fish  caught  off  Fair  Isle  on  19th  October,  with  the 
same  net,  by  12'3Dim.,  while  the  increase  in  the  21  days,  calculated  on 
the  basis  previously  referred  to  of  a  daily  increment  of  *2143mn>.,  would 
amount  to  only  4*5mm.  The  number  of  specimens  in  the  hauls  off  Aber- 
deen was,  however,  comparatively  small. 

III.  Hauls  in  the  Moray  Firth. 

In  the  Moray  Firth  four  specimens  of  Gadus  esmarkit  were  taken  in 
35  fathoms  to  the  east  of  Smith  Bank.  They  measured  84,  91,  92,  and 
93  mm.  One,  114mm.  long,  was  caught  in  Dornoch  Bay  on  7th  November ; 
other  four  were  procured  off  Lossiemouth  and  towards  Tarbet  Ness  on 
the  3rd  and  4th  of  the  same  month.  All  these  belonged  to  the  first  series 
referred  to  above,  but  they  afford  no  particulars  as  to  average  or  range. 

rv.  The  Firth  op  Clyde. 

Specimens  of  Oadtis  esmarkii  from  the  Clyde  were  obtained  occa- 
sionally in  1899  and  in  March  1900,  but  they  were  as  a  rule  small  in 
numbers. 

A  haul  on  30th  August  1899,  in  49  fathoms,  in  the  outer  part  of  the 
Firth  between  Pladda  and  Bennan  Head,  yielded  21  specimens  varying 
in  size  from  122mm.  to  149mm.  The  average  length  was  139'lmm.,  which 
agrees  pretty  closely  with  the  corresponding  average  of  1 40 '2 mm.  obtained 
on  31st  August  1900,  in  the  deep  water  of  the  North  Sea.  Another  haul 
made  in  Kilbrennau  Sound,  in  30  fathoms,  on  5th  September,  furnished 
20  specimens,  ranging  in  size  from  125  to  150  mm.  and  having  an  average 
size  of  141 '4mm.  This  is  5'4mm.  above  the  corresponding  average  for  the 
deep-water  North  Sea  specimens  on  4th  September  1900.  On  6th  October, 
a  haul,  in  65  fathoms,  at  the  mouth  of  the  Firth,  produced  74  specimens 
comprising  two  well-marked  groups.      The  first  consisted  of  15  fishes, 
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from  85  to  109  mm.,  with  an  average  size  of  95*5inm.,  which  is  only 
0'7mm.  below  the  corresponding  average  for  Aberdeen  Bay  on  12th 
October,  and  is  7*8mm.  more  than  the  corresponding  average  for  the  deep 
water  ofif  Fair  Isle  on  1 6th  October.  The  second  series  comprised  59 
fishes  ran^ng  from  118  to  156  mm.,  and  with  an  average  size  of  133'4mm. 
This  is  5 -7mm.  lower  than  the  average  of  the  series  in  the  haul  of  30th 
August  above  referred  to,  and  10mm.  lower  than  the  October  averages 
for  the  deep  water  in  the  North  Sea.  The  difference  between  the  averages 
for  these  two  Clyde  series  is  37 '9mm.,  which  would  represent  the  incre- 
ment of  annual  growth.  This  \a  much  lower  than  the  September  and 
October  corresponding  averages  for  the  deep  water  of  the  North  Sea,  which 
were  57*3,  55*8,  and  56'8  mm.  respectively,  and  there  is  little  doubt  the 
discrepancy  is  due  to  the  small  numbers  of  the  Clyde  specimens. 

I  apjiend  a  Table  of  the  measurements  and  averages  of  the  various  hauls. 
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Date. 

No.  of 
Fish. 

Size — In  Millimetres. 

Apparent 
Annual 
Growth. 

Range. 

DiJBfer- 
ence. 

Average. 

Aug.  31. 

Mm. 

Inches. 

Mm. 

B  Series 

460 

110-162 

52 

140-2 

H 

•   • 

C      „ 

91 

163-213 

50 

176-8 

7 

36-6= ItV" 

4  Sept. 

A  Series    . 

632 

51-92 

41 

78-7 

H 

. . 

B      „ 

498 

117-155 

38 

136-0 

H 

57-3=2i" 

C      „ 

81 

157-200 

43 

168-9 

6| 

32-9=  1-^" 

Ay.  B  Series 

968 

110-162 

62 

1381 

^A 

.  . 

Av.C      „ 

172 

167-21S 

66 

173-6 

«H 

55-5=7f" 

16  Oct. 

A  Series 

1540 

66-115 

49 

87*7 

H 

•   ■ 

B      „ 

373 

124-172 

48 

143-5 

H 

65-8 =2,V' 

C      „ 

10 

177-197 

10 

182-5 

7A 

39-0=1,^" 

19  Oct. 

[1 

31 

•  • 

31] 

•    • 

•      • 

A  Series 

13 

75-116 

41 

86-9 

3A 

•      • 

B       n 

243 

119-168 

49 

1437 

8| 

56-8=2|" 

Aver.,  Oct. 

A  Series    . 

156S 

66-116 

60 

87-7 

«A 

•   • 

B      ,» 

616 

119-172 

6S 

143-6 

^ 

66-9=2^" 
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Date. 

No.  of 
Pish. 

Size — In  Millimetres. 

Apparent 
Annual 
Growth. 

Range. 

Differ- 
ence. 

Average. 

Ab 

ERDBEN  B 

AY. 

1 

12  Oct. 

Mm. 

Inches. 

Mm. 

A  Series 

26 

69-107 

48 

96-3 

m 

•    • 

;  23,  24  Oct. 

1 

A  Series 

200 

87-117 

30 

101-8 

4 

•    • 

B        n 

1 

164 

• . 

164 

.   . 

•   • 

7  Nov. 

A  Series 

60 

80-117 

37 

102-9 

4lV 

•    • 

B      „        . 

2 

168-170 

•   • 

•   • 

•      • 

•   • 

9  Nov. 

1 

A  Series 

61 

83-114 

31 

99-2 

H 

«    • 

30  Aug. 

Clydb. 

1 
B  Series     . 

21 

122-149 

27 

1391 

H 

•    • 

5  Sept. 

B  Series 

20 

126-160 

26 

141-4 

5A 

•    • 

6  Oct. 

A  Series 

15 

86-109 

24 

96-5 

n 

•   • 

B      „ 

59 

118-156 

38 

133-4 

H 

S7'9 

SUMMARY. 

The  spawning  period  of  the  Norway  pout  and  the  size  at  which  maturity 
is  reached  do  not  appear  to  be  well  defined.  CoUett  found  gravid  females 
in  January  and  February*  ;  and  Holtt  found  two  females  ripe  on  7th  and 
8th  April  on  the  Irish  coast,  each  of  which  was  4|  inches  in  length. 
Another  female,  considerably  larger,  was  found  to  be  spent  on  4th  July ; 
and  the  pelagic  eggs  were  taken,  in  small  numbers,  in  April.  It  is  therefore 
probable  that  the  Norway  Pout  spawns  chiefly  in  March  and  ApriL 
Those  obtained  by  myself  at  the  above  dates  were  immature.  Specimens 
of  133mm.  and  140mm.,  caught  on  4th  September,  had  eggs  0*1  mm. 
in  diameter  and  would  no  doubt  spawn  in  the  ensuing  spring. 

*  Fries,  EkstrUm,  and  Sundevall,  '*  Scandinavian  Fishes,"  i.,  510. 
t  Roy,  Dubl,  Soc.  Rep,  of  Council,  Dec.  5th,  1891,  App.,  p.  291. 
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If  April  be  taken  as  the  principal  spawning-time,  and  if  the  female 
reaches  maturity  at  4  or  4 J  inches  (114mm.),  as  Mr.  Holt  found  to  be  the 
case,  it  is  evident  that  on  the  assumption  that  the  series  A  above  described 
was  spawned  in  the  spring  of  1900  sexual  maturity  must  be  attained  at 
an  early  age.  This  series  on  4th  September  had  an  average  size  of 
78-7mm.  or  3^  inches,  and  specimens  bebnging  to  it  varied  from  2  inches 
to  3§  inches.  In  October  the  average  fish  of  the  series  was  3X  inches 
long,  and  some  individuals  reached  a  length  of  4y*^  inches ;  that  is  to 
say,  the  size  at  which  the  female  has  been  found  mature.  This  fact  would 
almost  suggest  that  the  series  did  not  belong  to  the  year's  brood,  and  the 
rate  of  growth  deduced  from  comparison  of  the  averages  at  different 
periods  and  of  different  series  is  also  striking.  The  greatest  average 
growth  in  a  year  between  series  A  and  series  B  is  56'8mm.  or  2|  inches ; 
and  the  amount  of  growth  in  the  series  (A)  in  the  interval  of  42  days 
between  4th  September  and  16th  October  was,  as  stated,  9 '0mm.,  or  at 
the  mean  rate  of  '2143mm.  per  day.  At  this  rate  the  increment  of  growth 
from  the  end  of  April  to  4th  September  would  be  only  27mm ,  and  to 
16th  October  36mm.,  instead  of  87*7mni.  One  might  thus  consider  the 
year's  brood  to  be  represented  by  the  single  specimen,  caught  on  19th 
October,  which  was  31mm.  in  length,  and  Golletf^  found  young  specimens 
'*  at  least  40mm.  long ''  in  quantities  among  the  sprats  caught  in  nets  in 
autumn. 

The  rate  of  growth  in  autumn,  however,  upon  which  the  above  calcu- 
lation is  based,  is  doubtless  considerably  less  than  it  is  in  summer ;  and 
it  appears  that,  although  there  is  little  exact  evidence  except  in  the  case 
of  the  herring,  the  growth  of  post-larval  round  fishes  is  very  rapid  in  the 
warm  months.  Moreover,  the  assumption  that  series  A  were  fish  of  the 
previous  year  would  imply  that  they  had  lived  through  two  summers  apd 
^  had  only  reached  an  average  length  of  under  four  inches  in  their  secmid 
autumn.     The  series  must  be  regarded  as  the  brood  of  the  year. 

The  next  or  B  series,  with  an  average  length  in  the  hauls  31st  August 
— 4th  September  of  138*1  mm.  or  5^  inches,  and  a  range  from  4^^ 
inches  to  6|  inches,  would  at  this  time  be  about  1  year  and  4  months 
old ;  and  many  of  them,  at  all  events,  on  the  evidence  of  maturity 
furnished  by  Holt,  would  have  spawned  in  the  previous  spring.  The 
increment  of  growth,  at  the  rate  already  mentioned,  from  the  beginning 
of  April  to  the  2nd  September  would  be  about  33*2mm. ;  it  would 
probably  in  reality  be  greater,  because  the  rate  of  grovTth  in  the 
middle  of  summer  is  no  doubt  quicker  than  in  the  period  from  4th  Sep- 
tember to  16th  October.  But  taking  it  at  this  figure,  and  deducting  the 
amount  from  the  sizes  in  the  August-September  lutuls,  the  average  size  of 
the  series  at  the  beginning  of  April  woidd  be  about  105  mm.  or  4^  inches. 
Deducting  the  same  amount  from  the  largest  member  of  the  series  in  these 
hauls,  viz.,  162mm.,  these  fishes  at  the  beginning  of  April  would  measure 
about  5  inches.  While  many,  therefore,  would  not  reach  the  size  of 
maturity  as  found  by  Holt  when  one  year  old,  it  appears  that  a  con- 
siderable proportion  of  them  would. 

The  average  size  of  this  series  in  the  October  hauls  was  143*6mm.  or 
5|  inches,  and  they  no  doubt  form  the  principal  breeding  stock  in  the  fol- 
lowing spring,  when  two  years  of  age. 

The  next  series,  is  best  represented  in  the  August  and  September  hauls. 
It  has  then  an  average  size  of  173'6mm.  or  very  nearly  seven  inches,  and 
the  mean  age  would  be  about  2  years  and  4  months.  The  largest  speci- 
men measured  213mm.  or  8|  inches,  and  the  smallest  6^  inches. 

The  annual  increment  of  growth  between  the  previous  series  B  and  this 
series,  as  deduced  from  comparison  of^the  averages,  is,  in  the  three  cases 

•  "Scand.  Fishai,"i.,  p.  610. 
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where  series  C  existed,  respectively  36*6,  32*9,  and  39*0mm.,  giving  a 
mean  of  36*1  mm.  If  Uie  last  be  excluded,  as  depending  upon  ten  fish 
only,  then  the  mean  growth  in  a  year  amounts  to  34*7mm.  or  1-|  inches. 
The  annual  increment  between  series  A  and  series  B  is  represented  in  the 
differences  between  the  averages  as  57*3,  55*8,  and  56*8mm.,  the  mean 
being  56*6  or  nearly  2|  inches. 

In  these  hauls,  then,  at  least  three  generations  of  Chdw  etmarkii  were 
represented,  having,  in  October,  the  following  average  ages  and  sizes : — 

Series  A    -      87*7  mm.     (3X  inches)    0  years    5-6  months. 
„      B    -     U3-6  „         (54        „    )    1     „       5-6       „ 
„      C     -     182*5  „         (7^     .     )    2     „        5-6      „ 

It  would  appear  from  these  data  that  the  Norway  Pout  rarely  lives  to  be 
over  three  years  of  age.  The  largest  specimen  from  Bohuslan  is  described 
by  Fries,  Ekstrbm,  and  Sundevall  as  a  little  under  19cm.  in  length,  and 
they  say  that  CoUett  gives  240mm.  as  the  maximum  length  of  this 
species  within  his  experience.*  That  is  27mm.  above  the  largest  obtained 
by  me,  in  the  North  Sea,  and  66'4mm.  above  the  mean  size  of  series  C  in 
August-September,  and  OoUett's  specimen  would  probably  be  at  least 
four  years  old.  The  largest  specimen  obtained  by  me  (from  the  Clyde) 
was  246mm.  in  length.t 

This  restriction  of  the  age  and  size  is  not,  I  believe,  due  to  any  innate 
cause  of  mortality  or  to  marked  cessation  of  growth,  but  rather  to  the 
fact  that  the  fish  are  eaten  by  others  and  hence  do  not  survive  to  attain  a 
greater  age  or  larger  size.  It  is  preyed  upon  by  other  fishes,  such  as  the 
cod,  haddock,  and  whiting,  which  frequent  the  same  grounds,  and  was 
not  uncommon  in  the  stomach  of  the  Angler  (from  which  some  of  the  best- 
pi^rved  specimens  were  obtained)  ;  and  Holt  has  found  it  in  the  stomach 
of  the  Tope,  gurnard,  witch,  cod,  turbot,  whiting,  pollack,  and  ling  {op.  eit.^ 
290).  This  circumstance,  as  well  as  the  diminished  rate  of  growth,  may 
perhaps  serve  to  explain  the  comparatively  small  difference  between  the 
averages  for  series  B  and  series  C.  It  is  also  noteworthy  that  fishes  of  this 
series  G  were  much  less  numerous  in  the  October  hauls  than  in  the 
earlier  ones.  In  those  of  August  and  September  they  formed  9*8  per 
cent  of  the  total  of  1762  fishes ;  in  October  they  formed  less  than  a  half 
per  cent.  The  portion  that  survived  to  spawn  in  the  following  spring 
would  be  very  small  indeed. 

THE  WHITING  (Oadus  merlangus,  L,). 

The  whiting  presents  difficulties  in  determining  the  rate  of  growth 
somewhat  greater  than  in  the  case  of  the  Norway  Pout,  inasmuch  as 
migrations,  especially  of  the  young,  occur  between  the  offshore  and  inshore 
grounds,  and  the  different  sizes  or  generations  may  not  be  found  in  due 
proportion  in  the  same  locality,  and  are  more  blended  one  with  another. 
The  measurements  and  observations  are,  however,  more  numerous  (18,466 
fish  being  included),  and  it  will  be  convenient  to  consider  first  those  hauls 
comprising  the  greatest  number  of  fish. 

I.  Hatjls  in  Aberdeen  Bat. 

In  October  several  hauls  were  made  in  Aberdeen  Bay  by  the  ''  Star  of 
Hope  **  and  "  St.  Andrew,"  the  cod-end,  as  before,  being  enveloped  in 
fine-meshed  netting.     On  the  8th  a  haul  by  the  "  Star  of  Hope  "  for  1 

*  *'  Soand.  Fishes,"  i.,  508,  f  See  page  283. 
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hour  and  55  minutes  in  from  12  to  14  futhoms  yielded  2902  whitings 
(PI.  X.),  the  measurements  of  which  arrange  themseiyes  as  follows  in 
centimetre  groups: — 
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7 

41 

8 

70 
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10 

266 

11 

647 
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380 
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123 
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12 
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27 

28 
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80 
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141 

136 

81 

26 

12 

3 

1 

Two  well-marked  groups  were  present.  The  first  comprised  2223 
fishes  from  69mm.  to  173mm.  in  length,  with  a  range,  therefore,  of  104mm., 
and  an  average  size  of  119'5mm.  or  4|-J^  inches.  The  second  group 
numbered  679,  ranging  in  length  from  18o  to  297  mm.,  or  a  difference  of 
114mm.,  and  with  an  average  size  of  233'lmm.,  or  9^^  inches.  A  year's 
growth,  represented  by  the  difference  between  the  averages  of  the  two 
groups,  b  shown  in  this  case  to  amount  to  113*6mm.  or  about  4||  inches. 

In  another  similar  haul  by  the  ''Star  of  Hope"  on  13th  October, 
which  lasted  for  an  hour,  and  was  made  in  from  8  to  18  fathoms,  713 
whitings  were  taken.  Their  measurements  arranged  in  centimetre  groups 
are  as  follows : — 
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Three  annual  series  or  generations  are  here  represented.  The  first 
comprised  278  fish,  from  72  to  185  mm.  in  length,  with  a  difference  of 
113mm.  between  the  smallest  and  the  largest,  and  gave  an  average  size  of 
133'7mm.  or  b^^  inches.  The  five  largest  measured  respectively  166, 
167,  169|  178,  and  185  mm.,  and  it  is  possible  the  two  latter  belong  to 
the  next  series.  In  that  case  the  average  for  the  remaining  276  fishes 
would  be  132*8mm.  The  next  series,  if  the  two  fish  referred  to  be 
excluded  from  it,  begins  at  205mm.,  but  it  is  not  quite  so  clear  where  it 
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ends.  The  *5cm.  grouping  shows  a  regular  decline  to  310min.,  and  then 
a  slight  rise;  the  millimetre  groups  indicate  that  the  division  may  be 
about  295mm.,  there  being  a  break  from  292  to  296mm.  On  the  latter 
basis  the  number  of  fish  in  the  series  would  be  414,  the  range  of  size 
would  run  to  292mm.,  and  the  average  size  for  the  group  would  be 
247*4mm.  or  9f  inches,  and  this  is  probably  the  correct  division.  If 
extended  to  310mm.,  the  average  would  be  249 '3mm.  or  9j^  inches  for 
423  fishes. 

The  averages  for  these  two  series  in  this  haul  are  thus  somewhat  larger 
than  in  the  haul  of  8th  October  above  described,  in  the  first  series  by 
14*2mm.,  and  in  the  second  by  14*3mm.  These  differences  are  much  too 
large  to  be  accounted  for  by  the  growth  of  the  fishes  in  the  interval 
between  the  two  hauls,  and  are  probably  explained  by  the  extension  of 
the  haul  into  deeper  water.  The  increment  of  annual  growth,  however, 
from  the  one  series  to  the  other  is  almost  precisely  simili^  in  the  two  cases, 
viz.,  113*6  and  113*7  mm.,  or,  if  the  group  be  extended  to  310mm.,  as 
mentioned  above,  115*6mm. 

The  third  series  in  this  haul  was  represented  by  25  fish,  the  largest  of 
which  was  357mm. 

In  an  hour's  haul  made  by  the  ''St.  Andrew"  on  31st  October,  in 
from  8  to  10  fathoms,  the  number  of  whitings  taken  was  3777  (PL  X.). 
The  centimetre  grouping  of  the  measurements  is  as  follows : — 
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Two  series  are  well  represented  in  this  haul.  The  first,  consisting  of 
3702  whitings,  range  in  size  from  60mm.  to  196mm.,  with  a  difference 
between  the  smallest  and  largest  of  136mm.,  or  5f  inches.  The  average 
for  the  group  is  126'7mm.,  or  about  5  inches.  The  end  of  the 
series  is  pretty  clearly  indicated,  there  being  an  interval  of  *5cm.  between 
the  one  at  196mm.  and  the  next  at  202. 

The  second  series  is  much  smaller.  It  contains  75  fishes  from  202  to 
275  mm.,  with  a  range  of  T3mm.  and  an  average  size  of  229*2mm.,  or 
slightly  over  9  inches. 

The  apparent  annual  in(U'ement  of  growth  between  the  two  series  is 
102*5mm.,  or  about  11mm.  less  than  in  the  previous  hauls.  This  is  no 
doubt  due  to  the  small  number  of  fishes  represented  in  the  second  series. 

If  the  average  of  the  first  series  in  this  haul  is  compared  with  tho^e  of 
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the  previous  hauls,  it  will  be  seen  that  it  is  7*0mm.  less  than  for  the 
haul  of  13th  October,  and  7'2nim.  more  than  for  the  haul  of  8th  October. 
Reasons  have  been  given  above  which  probably  account  for  the  high 
averages  on  13th  October,  and  the  number  of  fishes  in  the  first  series  on 
that  occasion  was  small,  viz.,  278.  The  hauls  of  8th  and  31st  October 
may,  however,  be  regarded  as  suitable  for  comparison,  since  they  were 
made  in  approximately  the  same  depth  of  water,  and  the  number  of 
whitings  in  each  case  was  large,  viz.,  2223  and  3702  respectively.  The 
difference  of  7*2mm.  between  the  averages  may  therefore  be  taken  as  the 
amount  of  growth  in  the  interval  of  23  days,  which  represents  an 
increase  of  *3 130mm.  per  day. 

For  the  reasons  above  stated  comparison  of  the  averages  of  the  second 
series  cannot  well  be  made. 

Whitings  captured  in  September  and  October  in  Aberdeen  Baly  by  the 
"  Garland's  "  shrimp-net  with  ^  inch  meshes  were  also  measured.  A 
night  haul  on  20tli  September,  in  4  to  5|}  fathoms,  less  than  a  mile  from 
the  shore,  and  parallel  with  it,  yielded  349  specimens,  the  lengths  of  which 
are  shown  in  centimetre  groups  thus : — 
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The  first  of  the  two  series  comprised  317  fishes,  from  82  to  158  mm., 
the  range  being  76mm.,  and  with  an  average  size  of  115*2mm.  or  4^ 
inches.  The  second  series  contained  only  32  fishes,  ranging  from  212  to 
298  mm.,  and  with  an  average  size  of  239 '1mm.,  or  9 A-  inches.  The 
difference  between  the  averages  was  123'9mm.,  or  4|-  inches,  which  repre- 
sents the  apparent  year's  growth  in  this  case. 

In  another  haul  on  9th  October,  in  from  13  to  16  fathoms,  about  two 
miles  from  shore,  238  whitings  were  taken,  represented  thus  in  centi- 
metre groups : — 
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Four  measured  62,  63,  65,  and  65  mm.,  the  next  largest  being  70mm. 
in  length. 

The  first  series,  well  represented,  contained  231  whitings,  from  62  to 
149  mm.,  with  a  range  of  87mm.,  and  an  average  size  of  115'9mm.,  or 
0'7mm.  above  the  corresponding  average  of  the  previous  haul  nineteen 
days  before.  The  steond  series  was  represented  only  by  seven  fishes 
varying  from  220  io  263  mm. ,  with  an  average  of  240*7mm.  The 
number  is  too  small  to  make  the  average  trustworthy;  still  it  is  only 
l*6mm.  above  that  of  20th  September;  and  the  two  averages  of  this 
haul  show  an  apparent  annual  increment  of  growth  of  124*8mm.,  or 
almost  the  same  as  in  the  previous  haul. 

Another  haul  of  the  "  Oarland  "  on  23rd  October,  in  36^-49  fathoms, 
yielded  86  whitings,  which  fall  into  centimetre  groups  as  follows : — 


6 

6 

7 

8 

9 

10 

11 

12 

0 

3 

5 

4 

5 

11 

19 

15 

18 

14 

15 

16 

17 

18 

19 

20 

0 

13 

5 

0 

■ 

2 

0 

0 

0 

21 

22 

28 

24 

26 

26 

27 

28 

0 

0 

3 

0 

0 

1 

0 

0 

Three  of  these  measured  62, 64,  and  65  mm.,  the  next  being  70mm. 
The  first  series,  well  represented,  comprised  82  whitings,  from  62  to 
169  mm.  long,  with  a  range  of  107mm.,  and  an  average  size  of  114'lmm., 
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or  1  '8mm.  less  than  the  corresponding  average  on  9th  October.  The 
second  series  was  represented  by  only  four  sp^cinjiens,  from  234  to  264  mm., 
but  th^y  furnish  an  average  approximately  equal  to  the  previous  cases, 
viz.,  242*5mni.,  and  an  apparent  dnnual  inc];en],ent  of  128*4mni. 

On  comparing  the  averages  in  these  three  hauls  of  the  "  Garland," 
made  in  different  depths  of  water,  with  one  another,  and  with  those 
derived  from  the  hauls  of  the  "  Star  of  Hope  '*  and  "  St.  Andrew,"  the 
following  facts  appear.  Those  of  the  second  series,  although  deduced  from 
very  small  numbers  of  fish,  show  slight  progressive  increases,  equivalent 
to  3 '4mm.  in  the  33  days  between  the  fii^t  hiaul  and  the  third;  and  they 
are  somewhat  higher  than  the  corresponding  averages  of  the  hauls  by  the 
trawlers.  Those  of  the  first  series,  on  the  other  hand,  while  agreeing 
with  one  another  pretty  closely,  varying  only  by  l*8mm.,  are  considerably 
lower  than  the  averages  from  the  trawlers.  In  consequence  of  both  these 
deviations  the  average  annual  increments  of  growth  deduced  from  the 
''Garland''  measurements,  while  also  pretty  closely  agreeing  with  one 
another,  the  maximum  deviation  being  4 '5mm..  are  somewhat  higher 
than  in  the  case  of  the  trawlers.  It  is  not  clear  why  the  second  series  in 
the  "  Grarland  "  catches  should  be  larger  than  in  those  of  the  trawlers ; 
but  the  smaller  average  for  the  first  series  is  no  doubt  due  in  great 
measure  to  the  smaller  meshes  of  the  shrimp-trawl  used.  It  must  also  be 
borne  in  mind  that  the  numbers  of  fishes  dealt  with  in  these  cases  are 
much  smaller. 

In  December  a  number  of  hauls  were  made  by  the  ''  Star  of  Hope  "  in 
Aberdeen  Bay,  on  the  same  grounds  and  with  the  same  nets  as  in 
October.  On  17  th  December,  in  a  haul  for  l^  hours,  in  from  8  or  9  to 
15  fathoms,  1397  whitings  were  taken,  which  are  arranged  in  centimetre 
groups  in  the  following  Table : — 
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The  first  series  includes  1315  whitings  from  94  to  195  mm.,  .wit)i  a 
range  of  101mm.,  and  an  average  size  of  139*5mm.,  or  6^  incites.  The 
second  series  comprises  81  from  197  to  294  mm.,  with  a  range  of  97mm., 
and  an  average  size  of  243'2mm.,  or  9^  inches.  The  apparent  amount 
of  growth  in  a  year  between  the  two  generations  is  103*7mm.  There  is 
another  whiting  312mm.  in  length,  which  may  belong  to  a  third  series ; 
but  it  might  alao  fall  within  the  second  series,  in  which  case  the  range  of 
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the  latter  would  be  extended  to   115min.,   the    average    increaaed   to 
2 44 '0mm.,  and  the  annual  increment  to  104 '5mm. 

Ou  18th  December  another  haul  in  8  to  9  fathoms  yielded    666 
whitings,  whose  measurements  are  grouped  in  centimetres  as  followB : — 
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Only  one  series  was  represented,  the  range  being  from  82  to  186  mm^ 
with  a  low  average  size  of  12r3mm.,  or  4f  inches. 

Two  hauls  were  made  on  19th  December.  The  first,  for  one  and  a  lialf 
hours,  was  in  from  6  to  8|  fathoms,  and  554  whitings  were  caught,  which 
are  thus  arranged  in  centimetre  groups : — 
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The  two  smallest  of  these  measured  77  and  78]mm.  The  only  series 
fully  represented  is  one  ranging  in  leugth  from  77  to  177  mm.,  and 
having  an  average  size  of  123 '4mm.  or  4|^  inches.  The  low  average  in 
this  haul,  and  in  the  haul  on  the  day  before,  was  perhaps  partly  due  to 
the  comparatively  shallow  water  in  which  they  were  made,  the  smaller 
fish  approaching  closer  to  the  shore  than  those  of  somewhat  larger 
size.  Thus  the  average  size  of  the  series  in  the  haul  on  17th  December, 
which  extended  into  15  fathoms,  was  139 '5mm.,  and  the  second  haul  on 
the  19th  also  gave  a  high  average  for  this  series.  It  was  made  for  3^ 
hours,  part  of  the  time  in  5  fathoms,  but  mostly  in  from  9  to  12  fathoms, 
and  the  quantity  of  small  fish  caught  was  so  great  that  the  fine-meshed 
net  was  ruptured  in  bringing  it  on  board.  The  number  of  whitings 
obtained  was  8712,  of  which  3454  were  measured  and  tabulated.  They 
are  shown  in  centimetre  groups  thus  : — 
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Two  series  are  here  represented.  The  first  comprised  3424  fishes  (PL 
X.),  varying  in  length  from  78  to  196  mm.,  with  a  range  of  118mm.  or 
44  inches  between  the  smallest  and  the  largest,  and  having  an  average  size 
of  136*9mm.,  or  slightly  over  5|  inches.  The  second  series  contained 
only  30  whitings,  from  202  to  273  mm«,  and  with  an  average  size  of 
232*7mro.,  or  9^  inches.  The  apparent  yearly  increment  of  growth 
between  the  two  generations  in  this  case  is  95*8mm.,  or  3^  inches. 

On  21st  December  another  haul  was  made  by  the  "  Star  of  Hope,'*  in 
firom  7-9  fathoms  for  an  hour  and  a  half,  and  2117  whitings  were 
captured,  which  are  arranged  as  follows  in  centimetre  groups : — 
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The  first  series  contained  2100  fishes,  ranging  in  size  from  87  to 
197  mm.,  with  a  difference  between  the  smallest  and  the  largest  of  110mm., 
or  nearly  i^  inches,  and  having  an  average  size  of  133 '8mm.,  or  nearly 
5-j^  inches.  The  second  series  was  represented  by  only  17  whitings,  from 
214  to  248  nom.  in  length,  and  with  an  average  size  of  229*lmm.,  or  about 
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9^r  inches,  which  is  manifestly  too  low  to  indicate  the  real  average  of  this 
senes.  The  difference  between  the  average  of  the  two  series  in  this  case 
is  95*3mm.,  or  about  3|  inches,  which  is  also  too  small  to  represent  the 
annual  increment  of  gro^  th. 

The  variation  of  the  average  size  of  the  whitings  in  these  December  hauls 
LB  considerabla  In  the  first  series  the  average  varies  from  1 23*4  to  1 39  *5mm.y 
a  difference  of  16'lmm. ;  and  it  is  due  partly  to  the  hauls  haying  been 
made  at  different  depths,  and  partly  to  the  varying  number  of  fish  taken. 
When  the  numbers  are  large,  as  on  December  17th  and  2l8t  and  the 
second  haul  on  19th,  the  averages  approximate,  differing  by  only  5'7miiL 
Those  made  at  nearly  the  same  depth  on  17th  and  19th  December,  namely, 
8  to  15  fathoms  and  5  to  12  fathoms  respectively,  give  averages  differing 
by  only  2 '6 mm.,  the  higher  being  in  the  deeper  water.  Since,  however, 
the  interval  between  the  first  and  last  hauls  was  only  four  days  the  leeults 
may  be  combined  in  order  to  give  a  mean  average  which  will  more 
accurately  represent  the  facts.  In  that  case  the  8059  whitings 
belonging  to  the  first  series,  with  a  range  of  size  between  77  and  197  mm., 
or  a  difference  between  the  smallest  and  the  largest  of  120mm.,  or  i| 
inches,  give  an  average  size  of  134'2mm.,  or  slightly  over  5^  inches.  The 
fishes  of  the  second  series  when  combined  in  the  same  way  number  only 
128,  ranging  from  197  to  294  mm.  in  length,  with  an  average  sise  of 
239'Omm.,  or  very  slightly  over  9  inches.  The  difference  between  the 
averages  of  the  two  series  indicates  an  apparent  annual  growth  of  104'8mm., 
or  44  inches.  This  is  below  the  amount  obtained  from  comparison  of  the 
October  averages,  and  the  reason  appears  to  be  principally  because  the 
number  of  fishes  in  the  second  series  is  much  smaller  in  December.  The 
three  hauls  in  October  produced  6203  belonging  to  the  first  series  and 
1168  belonging  to  the  second  series.  The  latter  thus  ionned  nearly 
16  per  cent,  of  the  gross  catch.  In  the  December  hauls  the  fish  of  th^ 
second  series  formed  only  1^  per  cent,  of  the  total  catch ;  and  this  reduc- 
tion in  their  numbers  is  nu  doubt  owing  to  the  larger  fishes  leaving  the 
inshore  waters,  as  the  temperature  falls,  sooner  than  the  younger  fishes 
do.  The  average  for  the  second  series  in  October  therefore  more  accurately 
represents  the  size  of  that  series,  and  consequently  the  annual  increment 
of  growth  for  that  month  is  more  reliabla 

If  the  results  of  the  three  hauls  in  October  are  similarly  combined,  then 
we  have  for  the  first  series,  comprising  6203  whitings,  a  range  of  size 
from  60  to  196  mm.,  with  a  difference  of  136mm.,  or  5|  inches,  and  having 
an  average  size  for  the  series  of  124'4nim.,  or  4^  inches.  For  the  second 
series,  containing  1168  fishes,  with  a  range  from  183  to  297  mm.,  we  get 
an  average  size  of  237'9mm.,  or  9|^  inches.  The  difference  between  the 
two  averages,  or  the  apparent  yearly  increase  of  growth,  in  this  case  is 
113'5mm.,  or  very  nearly  4^  inches.  This  may,  I  think,  be  regarded  as 
the  approximate  amount  of  growth  of  the  whiting  at  this  stage  in  a  year. 

It  is  also  possible  to  ascertain  something  of  the  rate  of  growth  of  the 
whitings  by  comparing  the  averages  for  October  and  December  ;  but  while 
the  hauls  in  the  latter  month  were  made  within  four  days  of  one  another, 
the  former  are  separated  by  intervals  of  five  days  between  the  first  and 
the  second,  and  eighteen  days  between  the  second  and  the  third.  If  the 
mean  be  taken,  then  the  interval  between  the  October  and  December 
hauls  is  just  about  two  months,  and  the  increment  deduced  for  the  first 
series  in  this  time  is  9'8mm.,  which  is  at  the  rate  of  about  0'1580mm. 
per  day.  At  this  rate  the  annual  increase  would  be  only  57*7nmi^.or 
about  half  of  what  it  really  is.  No  doubt  the  rate  of  growth  is  consider- 
ably  reduced  in  colder  weather. 
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(2.)  Hauls  in  Deep  Water. 

Sevei-al  hauls  were  made  by  the  trawler  "  St.  Andrew,"  with  the  cod-end 
of  the  otter-trawl  enveloped  as  before  with  fine-meshed  netting,  in  deep 
water  offshore  in  August,  September,  and  October.  In  the  haul  on  3l8t 
August  in  62  fathoms,  about  65  miles  S.E.  by  E.  of  Sumburgh  Head, 
Shetland,  the  number  of  whitings  got  in  the  fine-meshed  net  was  ten. 
They  all  belonged  to  the  first  series,  and  ranged  in  sice  from  79  to  99  mm., 
having  an  average  size  of  92*  1mm.  The  whitings  caught  in  the  ordinary 
trawl-net  on  this  occasion  were  not  measured.  The  observation  is  of 
interest  in  showing  the  presence  of  young  whitings  of  the  size  mentioned 
on  the  deep-sea  grounds,  and  their  scarcity  there. 

In  the  haul  on  4th  September  in  the  same  locality,  in  63  fathoms,  52 
whitings  were  caught.  Of  these,  14  belonged  to  the  first  series,  ranging 
in  size  from  79  to  118  mm.,  and  having  an  average  size  of  99*  1mm.  The 
whiting  of  this  series  in  the  two  hauls  combined,  24  in  number,  gave  an 
average  size  of  96 '2mm.,  or  about  3|  inches.  The  other  38  whitings  were 
measured  to  fractions  of  an  inch.  Of  these,  33,  ranging  from  11  j  inches 
to  17|  inches,  or  from  about  292  to  about  382  mm.,  gave  an  average  size 
of  ll|  inches,  or  about  298mm.  This  group,  it  will  be  perceived,  does 
not  represent  the  second  series  of  the  hauls  made  later  in  Aberdeen  Bay, 
which  appears  to  be  missing.  The  other  five  whitings  belong  to  another 
series.  They  ranged  in  size  from  about  413  to  about  451  mm.,  with  an 
average  of  about  429mm.,  or  16|-  inches. 

On  the  16th  October  a  haul  of  the  "  St.  Andrew  "  with  the  small- 
meshed  net  in  65  fathoms,  about  16  miles  S.E.  of  Fair  Isle,  yielded  182 
whitings,  and  another  haul  in  tho  same  locality  on  19th  October,  in  60 
fathoms,  produced  199  whitlni^s.  They  are  arranged  in  centimetre  groups 
on  the  first  and  second  lines  in  the  following  Table.  On  the  third  line 
are  placed  the  grouped  measurements  of  the  whitings  taken  in  all  other 
hauls  by  the  **St.  Andrew ''  in  the  deep  water,  between  the  12th  and  the 
20th  October.  These  fish  are  entirely  from  the  ordinary  ottter-net,  t.e, 
without  fine-meshed  netting  outside.  On  the  fourth  line  the  totals  under 
each  group  are  summed  up,  and  the  curve  is  shown  on  Plate  XL 
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In  these  hauls  four  series  or  generations  are  represented,  and  one  is 
absent  or  almost  absent.  The  whitings  belonging  to  the  first  were  all 
caught  in  the  small-meshed  net,  3  on  16th  October    116,  125^  and 
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130  mm.  in  length,  and  22  on  the  19th  from  98  to  139  mm.,  with  an 
average  size  of  116*5mm.  The  average  for  the  25  fishes  is  ll7'4mm., 
or  4f  inches.  The  average  for  the  combined  similar  series  on  31st 
August  and  4th  September  was  96'2mm.,  so  that  if  the  lots  were  really 
representative  of  the  series  the  growth  in  the  46  days  or  so  between  the 
hauls  would  be  equivalent  to  the  difference  of  21 '2mm.  That  would 
be  at  the  rate  of  0*4609mm.  daily,  which,  on  the  assumption  that 
growth  continued  uniform  throughout  the  whole  year,  would  add  an 
increment  of  168* 2mm.  annually.  We  know,  however,  that  growth  is 
retarded  or  arrested  during  winter,  and  the  number  of  days  required  to 
attain  the  annual  increment  of  113*5mm.,  which  was  brought  out  by 
the  averages  for  Aberdeen  Bay  (p.  174),  would,  on  the  basis  indicated, 
be  247,  or  a  little  over  eight  months. 

Thi&  series,  so  abundantly  represented  in  the  inshore  waters,  as  Aberdeen 
Bay,  at  the  same  dates,  was  thus  present  in  very  small  numbers  in  the 
deep  water,  at  all  events  on  the  bottom.  It  is  not  impossible,  however^ 
that  these  few  whitings  were  taken  by  the  net  as  it  was  being  set  and 
hauled,  and  that  the  series  is  present  at  this  stage  in  abundance  at  inter- 
mediate depths.  It  will  be  observed  that  the  average  is  somewhat  lower 
than  the  corresponding  averages  in  October  in  Aberdeen  Bay. 

In  the  haul  of  16th  October  there  was  no  whiting  between  130mm. 
and  257mm.,  and  in  that  of  19th  none  between  139  and  242  mm.,  the 
gap  in  the  former  case  being  127mm.,  or  about  5  inches,  and  in  the 
latter,  103mro.,  or  4^  inches.  It  is  clear,  therefore,  that  the  second 
series  of  the  Aberdeen  hauls  was  either  absent  in  the  deep  water  or  more 
probably  represented  only  by  a  few  of  the  larger  individuals  in  the 
hauls  of  19th  October  and  the  combined  hauls  of  the  otter-trawl.  In 
the  haul  of  19th  October  two  whitings  at  242  and  248  mm.  appear  to 
belong  to  the  missing  series,  and  in  the  combined  hauls  of  the  otter- 
trawl  one  at  220mm.  also  represents  it.  The  feature  in  each  case,  as 
may  be  seen  from  the  Table  and  the  graphic  curve  (PI.  XL),  is  a 
well-marked  series  beginning  at  about  25cm.  and  ending  about  40cm. 
In  the  haul  of  16th  October  there  were  171  whiting  in  this  group,  from 
257mm.  to  395mm.,  with  a  range,  therefore,  of  138mm.,  or  5^  inches, 
and  an  average  size  of  325 '3mm.,  or  12^  inches.  In  the  haul  of  19th 
October  this  series  contains  174  fishes  from  262mm.  to  396mm.,  with 
a  difference  of  134mm.,  or  a  little  over  5^  inches,  and  an  average  size 
of  305*9mm.,  or  12  inches.  In  the  measurements  from  the  otter-trawl 
catches  the  range  in  this  series  is  from  261mm.  to  404mm.,  with  a 
difference  of  143mm.,  or  5f  inche&  The  number  of  whitings  in  this 
group  in  the  ordinary  hauls  was  765,  and  the  average  size  was  3l2'6mm., 
or  about  12f  inches.  If  all  the  hauls  are  combined  we  get  for  this 
series. 

No.  of  Fish,         Range  of  Size,        Difference,         Average  Size, 
1110.  257  to  404  mm.  147mm.  313-5mm. 

The  range  of  this  series  may  therefore  be  regarded  as  about*  5^  inches, 
and  the  average  size  as  about  12i^  inches.  The  difference  between  the 
average  of  this  series  and  that  of  the  first  (117'4)  amounts  to  196'lmm., 
or  about  7f^  inches,  which  would  approximately  represent  the  mean 
increment  of  growth  in  two  years. 

The  remaining  whitings  represent  two  or  more  series  or  generations. 
The  first  commences  about  40cm.  and  extends  to  49cm.  In  the  haul  of 
16th  October  it  is  represented  by  7  fishes  from  412mm.  to  481mm.,  and 
with  an  average  size  of  453*3mm.,  or  17|f  inches.  In  the  haul  of  19th 
October  there  is  only  one  of  422mm.     In  the  combined  ordinary  hauls 
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there  are  22  from  410  to  491  mm.,  with  a  considerably  higher  average — 
viz.,  476*7 mm.,  or  18f  inches.  When  all  hauls  are  combined  the 
range  of  the  30  fishes  is  from  410  to  491  mm.,  with  an  average  of 
469*4mm.,  or  very  nearly  18^  iuches.  The  difference  between  this 
average  and  that  of  the  previous  series  is  155'9nun.,  or  6^  inches,  which 
would  represent  the  apparent  increment  of  growth  in  a  year.  This  is 
evidently  too  high,  judging  from  the  earlier  annual  increment,  and  it 
might  b?  modified  if  the  number  of  fishes  were  greater.  On  the  other 
hand,  it  is  not  improbable  that  the  larger  fishes  included  in  series  D 
belong  to  the  later  series  E.  (p.  184),  which  cannot  ^  present  be  very 
clearly  differentiated  from  the  former.  The  other  series  is  represented  bj 
one  fish,  of  526min.,  in  the  haul  on  16th  October,  and  by  four  in  the 
combined  ordinary  hauls,  the  latter  ranging  from  531  to  541  mm.  The 
average  for  the  five  fishes  is  534'2mm.,  or  21  inches.  The  number?  of 
the  two  latter  series  are,  however,  too  small  and  the  separation 
insufficiently  distinct  to  enable  a  trustworthy  average  to  be  pbtained. 
The  variation  in  the  apparent  annual  increment  of  growth  in  the  two 
cases  shows  that  the  division  indicated,  and  the  aven^e^  are  not  the 
true  ones.  All  that  cau  be  said  with  certainty  is  that  there  aj*e  at  least 
two  annual  groups  after  the  third  or  C  series.  To  determine  their  real 
limits  and  the  mean  size  will  require  a  considerably  greater  namber 
of  observations. 

(3.)  Hauls  in  thi  Mojeult  Fibth. 

Whitings  caught  in  the  Moray  Firth  by  the  "Star  of  Hope,"  "St. 
Andrew,"  and  *' Grarland,"  in  November,  December,  and  January,  were 
also  measured.  In  a  haul  with  the  fine-meshed  net  by  the  "  St.  Andrew," 
on  6th  November,  in  from  8  to  9  fathoms,  between  Lossiemouth  and 
Tarbet  Ness,  266  whitings  were  captured,  an  1  a  similar  haul  two  d^s 
later,  ia  35  fiithoms,  to  the  east  of  Smith  Bank,  yielded  2$8  fish.  The 
measurements  are  arrs^nged  in  centimetre  groups  as  follows,  the  first  jline 
representing  the  haul  on  6th,  and  the  second  line  the  haul  on  8th 
November.  It  will  be  seen  that  the  groups  are  very  different  in  the  two 
cases,  the  early  series  being  absent  in  the  deep-water  haul,  and  the 
second  series  scarcely  jfepresented  in  the  haul  in  the  shallow  wateis. 
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The  haul  on  the  6th  November  is  interesting  a^  including  some  very 
small  whitings  ranging  firom  45mm.,  or  a  little  more  than  14  inches,  to 
79mm.,  and  over.  This  group  is  indicated  in  the  above  Table,  but  their 
relation  to  those  somewhat  larger  is  better  shown  by  the  2mm.  grouping 
on  page  187.  They  appear  to  represent  the  smaller  individuals  of  the 
same  year's  brood,  the  problem  in  regard  to  which  is  dealt  with  below. 

The  first  series  in  thijs  haul,  which  were  measured  by  Mr.  Dannevig, 
comprises  249  whitings  from  45  to  198  mm.,  with  a  range  of  153mm. 
and  an  average  size  of  140*1  mm.,  or  5|  inches.  This  is  higher  than 
the  average  of  the  corresponding  series  at  Aberdeen  Bay  {see  p.  182), 
the  highest  October  average  there  being  133'7mm.,  and  the  highest 
December  average  139*5mm.  One  reason  for  the  disparity  seems  to  be 
the  absence  of  a  normal  proportion  of  fish  between  12  and  14  cm.,  so 
that  the  curve  is  quite  peculiar.  The  range  in  size  of  the  specimens  is 
also  abnormally  great,  and  it  appears  probable  that,  if  the  smaller 
individuals  belong  to  the  series,  the  division  is  not  exactly  represented. 

The  next  series  is  indicated  by  17  fishes  from  203mm.  to  298mm., 
corresponding  to  the  series  so  well  represented  in  the  oflbhore  haul  of 
8th  November.  The  average  size  of  these  17  fishes  was  233'lmm., 
or  9  A  inches,  which  is  rather  below  the  average  of  the  corresponding 
series  m  Aberdeen  Bay. 
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As  already  stated,  the  haul  of  8th  November  in  35  fathoma  contained 
no  fish  belonging  to  the  early  series,  and  it  thus  resembled  the  hauls  in 
the  deep  water,  when  only  a  few  were  present.  Of  the  238  whitings 
caught,  237  ranged  in  size  from  200mm.  to  328mm.,  and  one  meaBoreid 
372mm.  The  centimetre  curve,  however,  shows  a  continuous  and  rapid 
drop  from  25cm.  to  29cm.,  and  a  very  gradual  fall  thereafter  to  33cm., 
and  it  is  probable  the  series  terminates  at  292mm.,  the  remainder 
repi-esenting  another  group  of  which  the  fish  at  372mm.  is  a  member. 
On  this  basis  the  range  would  be  92mm.,  and  the  average  size  of  the 
226  fishes  included  would  be  250*8mm.,  or  9|^  inches,  slightly  higher  (by 
3*4mm.)  than  the  highest  corresponding  average  for  Abeideen  Bay  in 
October.  If  the  whole  of  the  fishes  up  to  328mm.  are  included,  the 
range  becomes  128mm.  and  the  average  size  253*5mm.,  or  very  nearly 
10  inches. 

A  haul  made  on  25th  December  by  the  '*  Star  of  Hope  **  in  12  fathoms 
in  the  Dornoch  Firth  may  be  contrasted  with  the  two  hauk  of  the  • "  St. 
Andrew"  in  November,  just  described.  The  measurements,  which  were 
made  by  myself,  furnish  a  complete  curve  of  the  series  imperfectly 
represented  in  the  haul  on  6th  November,  and  absent  from  the  haul  on 
8th  November.  The  measurements  of  the  318  whitings  are  aiianged  in 
centimetre  groups  as  follows : — 
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The  smallest  fishes  in  this  case,  as  in  the  last,  appear  to  be  somewhat 
separated  from  the  remainder.  In  *5cm.  groups  they  are  disposed  as 
follows : — 
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The  grouping  in  2mm.  groups  is  also  indicated  in  the  table  giren  on 
page  187. 

The  297  whitings  from  87  to  193mm.  form  a  well-marked  groups 
with  a  range  of  106mm.,  and  an  average  size  of  134-8mm.,  or  5^  inches. 
This  is  0'6mm.  above  the  mean  for  the  corresponding  series  in  Abeideen 
Bay  in  December;  but  it  is  exceeded  by  two  of  these  averages — viz«, 
139*5   of   17th  and   136*9  of   Idth  December.      It  would  have  been 
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interesting  to  compare  the  average  of  this  group  with  the  corresponding 
average  for  the  haul  on  6th  November,  49  days  earlier ;  but  owing  to 
the  imperfection  of  the  latter,  as  described  above,  the  comparison 
would  not  be  trustworthy.  But. if  the  average  size  of  this  series  be 
compared  with  the  average  size  of  the  next  series  or  generation  in  the 
haul  of  8th  November,  it  will  be  found  that  the  difference  is  116*0mm. 
This  would  represent  the  increment  of  growth  in  a  year,  plus  the  47 
days  between  8th  November  and  25th  December,  and  it  agrees  fairly 
well  with  the  annual  increment  deduced  for  Aberdeen  Bay  in  October 
— viz.,  113'5mm. 

The  next  series  was  represented  by  21  whitings  from  211  to  300  mm., 
with  a  range  of  89mm.  and  an  average  size  of  255*5mm.,  or  10^ 
inches.  This  is  4'7mm.  higher  than  the  corresponding  average  in 
November  (mpra),  but  the  number  of  fishes  in  this  case  is  small. 

Hauls  were  made  by  the  small  shrimp  net  of  the  "  Garland "  in  the 
Moray  Firth  in  December  and  January,  which  may  be  contrasted  with 
those  above  described.  The  measurements  are  set  forth  in  centimetre 
grouping  in  the  following  Table.     A  haul  on  5th  December  in  12  to  14 
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*12  fathoms,  oateide  Souten. 


fathoms  in  the  Dornoch  Firth  yielded  38  whitings  from  75mm.  to 
148mm.,  the  average  size,  being  116'lmm.  or  about  4^^  inches. 
One  on  11th  December,  in  8  to  12  fathoms,  also  in  the  Dornoch  Mrth, 
produced  19  whitings  from  98  to  165  mm.,  and  with  an  average  size  of 
129*2mm.  One  on  tibe  same  day,  in  12  fathoms  outside  Cromarty  Firth, 
produced   19   whitings  from  75  to  150mm.,  the   average    size     being 
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]2r6mm.  or  44-}  inches.  Another  on  24th  December  in  10  fathoms 
in  the  Dornoch  Firth  yielded  66  whitings,  from  76  to  191  mm.,  with  an 
average  size  of  121'6mm.  A  haul  on  10th  January,  1901,  in  6|  to  8 
fathoms  in  Cromarty  Firth,  produced  .41  whitings  from  92  to  175  mm., 
with  an  average  size  of  129*7mm.  The  averages,  it  will  be  perceived, 
vary  considerably  in  December,  from  I16*lmm.  on  5th  to  129*2nmi. 
in  one  of  the  hauls  on  the  11th;  the  mean  of  the  two  hauls  on  that 
day  is,  for  the  S7  fishes,  126*5mm.  The  mean  size  of  the  139  fish 
of  the  series  caught  in  all  the  December  hauls  of  the  ^'Gariand''  is 
122'Omm.,  or  4j^  inches.  The  October  averages  for  the  same  net  in 
Aberdeen  Bay  were  115*2,  115*9,  and  114*1  mm.  I  append  a  Table 
giving  particulars  of  the  series  into  which  the  18,466  whitings  that  were 
measured  are  divided  according  to  the  hauls. 
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Dato. 

Depth. 

No.  of 
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ence. 

Ave 
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626 


22 


98-189 


174  '  262-896 


422 


766 
22 

4 


S5 

•  •  • 

1110 

SO 

6 


261-404 
410-491 
631-641 


Differ- 
ence. 


Mm. 


14 

188 

69 


41 
184 


148 

81 
10 


9^-139         41 


410-491 

626-541 


8-9 


86 


W 
81 
16 


12 


249 

17 

[287 
226 


297 
21 


46-198 
203.298 

200-828 
200-292 


87-193 
211-300 


168 
96 

128 
92 


106 
89 


Averaf^. 


Mm. 


128-7 
826-3 
463-8 
626 

116-6 
306-9 
422 


312-6 
476-7 
636-2 


117  4 

313-6 

469'4 
634'B 


140-1 
233-1 

268-6 
260-8 


134-8 
266-6 


Inches. 


4J 
12H 
17H 
20tt 

12 


128 
18i 

2U 


^1 
21 


64 


Apparent 
Annuiu  Growth. 


Mm. 


Inches. 


toi-e 

128' 


189'4 


164'1 


196-1 

[166-9 

[64-8 


93-0 


10^ 


*  MvMorvd  in  fnustiow  of  inchas 


ao^ 


6 


7-f, 


6A 


7ii 

en 
«A1 


m 


« 


ofiht  Fishery  Board  for  Scotland. 


186 


SiZB. 

Date. 

Depth. 

No.  of 
Fish. 

Apparent 
Annua!  Growth. 

Range. 

Differ- 
ence. 

Ayerage. 

MOBAT  FiBTH— 

Fms. 

Mm. 

Mm. 

Mm. 

Inches. 

Mm. 

Inches. 

5  Dec. 

A  Series  . 

12-14 

\^ 

76-148 

78 

116-1 

4,'. 

« •• 

•  •  • 

llDec. 

A  Series  . 

ft-12 

19 

98-165 

67 

129-2 

6A 

•  •  • 

•  »  ■ 

A      ,1      . 

12 

19 

76-150 

76 

121-6 

*» 

•  •• 

•  • 

2iDee. 

10 

A  Series  . 

66 

76-191 

108 

121-6 

m 

•  •  • 

•  •  • 

10  Jan. 

A  Series  . 

6i-a 

41 

92-175 

88 

129-7 

6i 

•  •  • 

•  •  • 

Averoffe  Die, 

A  Serin  . 

1S9 

83-191 

108 

lii'O 

m 

•  •  ■ 

•  •  • 

« 

SUM] 

MARY. 

The  differentiation  of  most  of  the  groups  or  series  above  described  is,  I 
think,  fairly  complete  and  satisfactory.  It  is,  however,  necessary  to  con- 
sider the  position  of  the  first  or  A  series  in  relation  to  the  spawning  time,  i.e., 
whether  the  fish  comprised  within  it  are  fish  of  the  year,  about  six  or  seven 
months  old  in  October  and  December,  or  whether  they  belong  to  the 
previous  year,  on  the  assumption  that  the  season's  brood  had  for 
the  most  part  escaped  capture.  It  has  been  usually  supposed  that 
the  small  whitings  which  frequent  the  inshore  waters  in  autumn 
were  spawned  in  the  spring  of  the  same  year.  In  1890,  in  describing 
the  appearance  in  the  Firth  of  Forth  in  September  of  immense  numbers 
of  young  whitings,  mostly  ranging  in  size  from  three  to  five  inches,  but 
some  of  which  were  two  inches  in  length,  I  expressed  the  opinion  that  they 
were  mostly  fish  of  the  previous  year,  but  recruited  by  those  spawned 
from  three  to  six  months  before.*  Mr.  J.  T.  Cunningham  has  expressed 
the  belief  that  whitings  from  73  to  126  mm.  in  length  taken  on  September 
9th  are  from  three  to  six  months  old,  and  that  those  described  by  myself 
were  hatched  in  the  preceding  April  and  May.  Specimens  taken  at  the 
end  of  January,  from  4  to  5{  inches  (102-149  mm.)  in  length,  he 
considers  were  spawned  about  nine  months  before.  Others  from  6  to  71 
inches  (152-190  mm.),  taken  at  the  same  time,  he  considers,  but  with  some 
doubt,  to  be  probably  eleven  months  old.  Others  at  8|  inches  (210mm.) 
caught  in  February  he  believes  to  be  two  years  old.t 

*  Eighth  Annual  Report  Fishery  Board  for  Scotland^  Part  iii.,  p.  176. 
t  /otim.  Marine  Biol,  Auoe,,  N.S.,  ii.,  pp.  108,  868, 1891, 1892. 


186  Part  III. — Nineteenth  Annucd  Report 

Professor  M'Intosh*  has   expressed   the  opinion  that  whitings  may 

reach  a  length  of  6|  inches  (172mm.)  in  the  November  of  the  year  in  which 
they  were  spawned,  and  a  length  of  8|  inches  (222mm)  in  the  following 
February,  i.e.,  before  attaining  one  year  of  age.  According  to  this  view  the 
whiting  may  become  mature  when  one  year  old,  since  maturity  is  reached  at  a 
length  of  9  inches  and  the  spawning  period  extends  to  the  end  of  June  or  later. 
According  to  my  observations  the  whiting  spawns  in  March,  April,  May, 
and  June ;  some  ripe  fishes  were  taken  in  July,  and  one  early  in  August.f 
Holtt  states  that  it  spawns  in  the  Korth  Sea  from  the  beginning  of  March 
to  the  early  part  of  June,  and  chiefly  in  April.  Mastermanf  describes 
the  eggs  of  the  whiting  as  having  been  taken  in  the  Firth  of  Forth  from 
22nd  February  to  22nd  July  (comprising  a  series  of  years),  a  period 
of  five  months.  Williamson  ||  found  eggs  from  14th  March  to  4th  June 
in  the  year  1895  ;  they  were  very  common  during  April  and  May.  It  is 
thus  evident  that  the  spawning  period  is  a  long  one,  and  the  height  of  the 
spawning  appears  to  be  towards  the  end  of  April.  At  the  mean  temperature 
then  prevailing  in  the  surface  waters  the  eggs  of  the  whiting,  according 
to  the  experiments  of  Mr.  H.  Dannevig,^  would  take  about  ten  or 
twelve  days  to  hatch,  and  it  is  therefore  in  all  probability  to  the  end  of 
April  and  the  early  part  of  May  that  we  must  attribute  the  birth  of  the 
larval  whitings  which  form  the  majority  of  the  year's  brood,  and  whose 
average  size  I  have  given  in  successive  series  above. 

From  the  Table  it  will  be  seen  that  the  series  (A)  which  characteristically 
represents  the  shoals  of  young  whitings  that  frequent  the  inshore  waters 
in  autumn,  had  an  average  size  on  20th  September  (317  fishes)  of 
115'2mm.  or  4^  inches,  and  in  October  (6203  fishes)  of  124*4mm.  or 
4s  inches,  and  that  in  the  latter  month  the  extreme  range  was  from 
2|  inches  to  1\\  inches.  It  will  also  be  found  that  the  difference 
between  the  averages  of  the  successive  annual  groups  or  generations  A 
and  B  varies  from  3|  inches  to  b^  inches,  the  mean  for  the  twelve  cases  in 
which  the  comparison  can  be  made  being  110*7mm.  or  nearly  4|  inches, 
and  that  for  the  best  cases,  in  which  both  series  are  most  fully  represented, 
viz.,  October,  113'5mm.  or  4|  inches.  This  represents  the  mean  increase 
in  the  length  of  the  adolescent  whiting  in  the  course  of  a  whole  year, 
and  taken  by  itself  it  might  at  first  appear  to  suggest  that  the  larval  and 
post-larval  whiting  could  scarcely  grow  so  as  to  reach  an  average  length  of  4g 
inches  in  the  five  and  a  half  months  from  the  end  of  April  to  the  middle 
of  October.  The  evidence  from  the  amount  of  growth  of  the  same  series 
at  different  periods  is  also  suggestive.  Thus  the  average  size  of  the  6203 
whitings  of  the  series  was  124*4mm.  or  4^  inches  in  October;  in 
December  it  was  (for  8059  whitings)  134*2mm.  or  5  j  inches,  showing  an 
average  increase  in  about  two  months  of  9*8mm.  or  |  ^of  an  inch.  In 
summer  the  growth  is,  however,  quicker. 

As  in  the  case  of  Gadus  esmarkii^  there  is  no  doubt  that  the  smaller 
specimens  escape  capture  by  the  fine-meshed  trawl  employed,  especially 
in  hauls  made  in  the  summer  before  the  fish  have  attained  any  consider- 
able size.  This  circumstance  is,  however,  due  not  merely  to  the  size  of 
the  meshes  of  the  net  being  too  small  to  retain  them,  but  also,  as 
pointed  out  in  1890,  to  their  absence  from  the  grounds  frequented  by  those 
somewhat  larger.  Many  small  specimens  of  the  series,  however,  have 
been  taken  in  the  tow-nets  of  the  "  Garland ''  during  the  summer,  and 

*  Fifteenth  AnrvucU  Report  Fithery  Board  for  Scotland,    Part  iii.,  p.  204,  1897. 

t  Tenth  Annual  Report  Fithery  Board  for  Scotland,  Part  iii.,  p.  234,  1890. 

tJoum.  M,  B.  Astoc.,  ii.,  386,  1892. 

%  Fifteenth  Annual  Report  Fishery  Board  for  Scotland,  Part  iii.,  p.  227,  1897. 

II  Ibid.,  Thirteenth  Report,  Part  iii.,  p.  268,  1896. 

^Jhid,  149. 
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described  by  Profeseor  Mlntosh,  and  MesBra  Williamson,  Kyle,  and 
Mastennan.  Oq  30th  and  31st  July  aix  were  obtained  in  the  Moray 
Firtb,  meaauring  from  17  to  30  mm.;  on  2lBt  June  two  were^taken,  each 
22mm.  long;  on  24th  August  one  at  only  6 '4mm.  waa  got;  on  29th 
Angust  four  caught  in  the  Firth  of  Forth  measured  24,  26,  and  59  mm.; 
on  25th  July,  at  Orkney,  one  of  42nim.  waa  captured ;  a  aeries  were 
obtained  in  the  Moray  Firth  on  9th  August,  from  32  to  65  mm.  in  length; 
on  let  October  one  was  caught  in  the  Firth  of  Forth  which  measured 
19mm."  On  3rd  October  last  four  whiting,  meaauring  41,  47,  70,  and 
72  mm.  were  got  in  mid-water  in  Aberdeen  Bay,  where  the  depth  was  15 
fathoma,  and  on  the  6th  October  another  of  66mm.  was  secured  in 
8  fathoma  where  the  water  was  9  fathoms  deep-  It  may  also  be  stated 
here  that  gadoids,  the  epeciea  of  which  were  uot  dlBtioguished  by  the 
authors  above  named,  were  obtained  in  June,  measuring  from  3  to  17  mm.; 
in  July  from  226  to  5  mm.,',  in  August  12nun.,  and  in  October  9mm., 
and  many  of  these  were  doubtleea  whitings. 

The  smaller  whitings  obtained  by  me  in  the  trawl  iu  autumn  and 
winter  are  given  in  the  following  Table  according  to  their  meaaurement 
in  2mm.  grouping. 

It  is  evident  from  this  Table  and  the  partionlan  given  of  the  tow-net 
collections  that  the  sites  of  the  fishes  taken  are  very  different  in  the  two 
cases,  and  here,  as  with  Qadua  amarkii,  it  might  be  suggested  that  they 
represent  two  separate  series,  the  smaller  being  the  brtwd  of  the  year 
while  the  larger,  comprised  in  eeriec  A,  represent  the  fiah  of  the  year 
before.     It  is  indeed  the  case  that  in  some  of  the  hauls  with  the  fine- 


I  A3ioaDtfxbttii,t9,t7mta. 
l.vU  Reporti of  Fttherg  Beard  for  SMland,  Putlii.,  lOtb,  ] 
p.321,2ia;lStb,  p.  &8. 
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meshed  bottom  net  the  smallest  specimens  appear  to  form  a  more  or  less 
distinctly-marked  initial  group.  In  the  haul  of  6th  November,  for 
example,  there  were  young  whitings  measuring  45,  49,  57,  and  62  mm. 
and  up  to  79  mm.  somewhat  distinct  from  the  rest,  and  this  was  also 
indicated  in  some  of  the  hauls  in  October.  It  might  be  supposed  that 
these  are  the  largest  individuals  of  the  season's  brood,  beginning  to  leave 
mid-water  and  to  approach  the  shore  and  descend  to  the  bottom.  But 
in  other  cases  no  such  initial  group  can  be  detected.  In  the  haul  of 
October  8th,  for  instance,  when  over  2000  small  whitings  were  taken,  it 
is  not  present.  The  difference  between  the  sizes  of  the  fishes  taken  in 
the  tow-nets  and  the  bottom-net  appears  to  be  owing  to  the  peculiarity 
in  the  action  of  the  two  apparatus,  as  well  as  to  difference  of  habitat 
of  the  different  stages.  The  smaller  fishes  escape  through  the  meshes  of 
the  latter,  while  the  larger  dodge  the  tow-net  and  are  not  taken. 

As  I  stated  when  dealing  with  Gadus  esmarkii,  the  first  series,  A, 
must  be  regarded  as  the  brood  of  the  year.  It  indicates  very  rapid 
growth  in  the  case  of  the  whiting  that  some  individuals  should  reach  a 
length  of  between  seven  and  eight  inches  in  October,  when  they  cannot 
be  more  than  eight  months  old.  At  this  time,  however,  the  average 
length  is  under  five  inches,  and  this  would  be  a  small  fish  to  have  lived 
through  two  summers. 

It  will  be  noticed  that,  unlike  what  was  found  to  obtain  with  Oadiu 
esmarkii,  the  early  series  are  not  sharply  separated  from  one  another,  but  on 
the  contrary  blend  to  some  extent ;  this  is  doubtless  due  in  great  measure  to 
the  prolonged  spawning  season.  A  whiting  hatched  early  in  March  may 
be  in  the  following  autumn  as  large  as  one  that  was  hatched  in  the 
previous  July  or  August,  which  is  overtaken  by  the  winter's  cold  before  it 
has  made  much  progress  in  development.  Another  cause  is  the  variation 
in  the  rate  of  growth  of  individuals  bom  at  the  same  time ;  some  always 
grow  faster  than  others.  It  may  be  presumed  that  Gadus  esmarkii  has 
comparatively  a  restricted  spawning  period.  The  conditions  of  its  life  in 
the  deeper  waters  are  also  more  uniform,  especially  with  regard  to 
temperature. 

The  various  annual  series  or  generations  represented  in  the  investigation 
may  be  grouped  as  follows,  with  their  average  size,  range,  and  age  in 
October,  and  the  approximate  annual  increment  of  growth  from  the 
preceding  series. 
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• 

Size. 

Approximata 
Age. 

Apparent  Growth 
m  a  Year  from 
previous  Series. 

A  Series  . 
(6203  fish) 

Smallest 
Average 
Largest 

Mm. 

69 

lM-4 

196 

Inches. 
2H 

m 

Yrs.    Mths. 
2 

-       »4 

7 

Mm. 

•  •  • 

•  •  • 

126 

Inches. 

•  •  • 

•  *  • 

B  Series  . 
(1168  fish) 

Smallest 
Average 
Largest 

188 
HSYt 

297 

H 

1         2 
1          5i 

1         7 

1140 
113*5 

101 

4 

♦C  Series  . 
(1110  fish) 

Smallest 
Average 
Largest 

257 
318*5 

404 

2         2 
«          51 

2         7 

74 
75*« 

107 

m 

s 
*A 

•D  Series  . 
(30  fish) 

Smallest 
Average 
Largest 

410 
4«f4 

491 

m 

19A 

8         2 
8         5i 

8         7 

[158 
[155t 
[87 

6 

88] 

*E  Series  . 
(5  Fish) 

Smallest 
Average 
Largest 

526 
5S4*f 

541 

20H 

n 

21A 

[4        2] 

[4     m 

[4         7] 

[116 
[<4*8 
[50 

*A] 
»A] 

*  Deep-water  hauls. 


In  coDsideiiiig  this  Table  it  must  be  borne  in  mind  that  the  first  three 
series  represent  hauls  in  Aberdeen  Bay,  and  the  last  three  represent  haub 
made  more  than  a  hundred  miles  northward  in  deep  water,  from  which 
series  B  was  absent  (gee  p.  177).  The  series  in  the  two  regions  may  not 
correspond  in  growth,  although  the  average  for  series  B  in  deep  water 
and  in  Aberdeen  Bay  agrees  fairly  well,  the  former  being,  however,  some- 
what lower  (p.  184).  The  particulars  for  series  A,  B,  and  C  are  probably 
pretty  accurate,  and  are  based  upon  the  measurements  of  large  numbers  of 
fish.  Those  for  series  D  and  £  are  based  on  very  few  fish,  and  they 
obviously  do  not  represent  the  true  relationship.  A  greater  number  of 
fish  might  possibly  indicate  three  series  within  their  limits.  It  is  to  be 
noted  that  the  interval  between  the  series  A  and  the  series  E  of  the  deep- 
water  hauls  is  417mm.  or  about  16^  inches,  and  this  would  give  a  mean 
for  each  of  four  series  intervening  of  almost  exactly  4  inches. 

As  already  stated,  the  average  growth  of  the  adolescent  whiting  is 
about  4|  inches  in  a  year,  and  since  the  minimum  size  of  a  mature  female 
is  9  inches,  it  appears  to  be  very  probable  that  a  few  of  them  may  spawn 
when  about  one  year  old,  as  we  saw  was  the  case  with  Oadus  esmarkii^ 
but  to  a  much  more  limited  extent.    The  largest  individual  of  series  A 
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in  October,  of  an  approximate  age  of  seven  or  eight  months,  was 
7-f^  inches  long,  and  it  would  no  doubt  reach  a  length  exceeding  9  inches 
before  the  following  Jul}^  The  smallest  of  the  next  series,  on  the  other 
hand,  was  only  7^  inches  when  about  one  year  and  two  months  old,  and 
the  average-sized  fish,  representing  of  course  the  great  bulk  of  the  genera- 
tion, was  only  9f  inches  long  in  October  and  almost  certainly  under  the 
size  of  maturity  during  the  preceding  spawning  season.  All  the  fish  in 
series  C,  from  two  years  and  two  months  to  two  years  and  seven  months 
old,  were  above  the  minimum  size  of  maturity  in  October,  and  the  great 
majority  of  them  must  have  spawned  in  the  preceding  spawning  period  ;  a 
few  of  the  smallest,  however,  may  not  have  done  so.  Thus  a  few  whitings 
spawn  in  their  first  year,  the  great  majority  spawn  first  in  their  second 
year,  and  a  few  probably  not  until  three  years  old.  Moreover,  some  may 
spawn  in  four  successive  years,  but  the  great  majority  cannot  spawn  in 
more  than  three  seasons.  The  largest  whiting  obtained — about  2\\  inches 
long — was  nearly  five  or  perhaps  nearly  six  years  of  age. 


THE  HADDOCK  {OaduB  csglefinm,  L.). 

1.  ELkULs  IN  Abbrdbbn  Bay. 

In  a  haul  made  on  8th  October  in  12-14  fathoms  in  Aberdeen  Bay, 
with  the  cod-end  of  the  otter-trawl  enveloped  in  fiue-meshed  netting,  the 
number  of  haddocks  taken  was  491 ;  and  another  haul  on  the  13th 
October,  in  8-18  fathoms,  yielded  598.  The  measurements  are  arranged 
in  centimetre  groups  as  follows,  the  first  line  representing  the  first  haul, 
the  second  line  the  second  haul,  and  the  third  line  the  totals. 


11 

12 

18 

14 

15 

16 

17 

18 

10 

20 

1 

•    • 

3 

•      • 

27 
3 

64 
6 

133 

7 

129 
11 

90 
6 

24 
4 

7 

•     • 

1 

3 

30 

70 

140 

140 

96 

28 

7 

•     • 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

*  . 
- 

•  • 

•  • 

•     • 

4 

1 
11 

6 
24 

2 
73 

1 
111 

1 

102 

•  • 

98 

2 
61 

•  . 

•     • 

4 

12 

30 

75 

112 

103 

98 

63 

of  the  Fishery  Board  for  Scotland. 


191 


81 

82 

1 

88 

84 

85 

86 

87 

•  • 

5 

88 

80 

40 

•   • 

27 

•   • 

5 

•  • 

8 

2 

•  • 

6 

•   • 

4 

1 

1 

•  • 

27 

5 

8 

2 

6 

4 

5 

1 

1 

•  • 

41 

42 

48 

44 

45 

46 

47 

48 

40 

50 

•  • 

•  • 

•  • 

1 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

• 

•  • 

■  • 
•  • 

•  • 

1 

•  • 
■  • 

•  • 

1 

•  • 

•  • 

•  • 

•  ■ 

•  • 

•  • 

1 

•  • 

Two  groups  are  here  very  distinctly  represented;  their  carves  are 
well-marked  and  uniform  (see  PI.  XIII.).  In  the  haul  on  October  8th 
the  haddocks  in  the  cod-end  of  the  otter-trawl  were  not  measured,  and 
this  haul  therefore  comprises  almost  exclusively  the  first  series.  The 
number  of  fish  in  this  series  was  478,  varying  from  118mm.  (4|  inches) 
to  199  mm.  (7-^  inches),  with  a  range,  therefore,  between  the  smallest 
and  the  largest  of  81mm.,  or  3^  inches.  The  average  size  was 
159 '7mm.,  or  a  little  over  6^  inches.  For  the  reason  stated  above,  the 
second  series  in  this  haul  is  inadequately  represented.  The  13  fish, 
ranging  from  246  to  303  mm.,  gave  an  average  of  266'5  mm.,  or  10| 
inches. 

In  the  haul  of  13th  October  all  the  fish  were  measured  in  the  otter- 
trawl  as  well  as  the  small  iret.  The  number  belonging  to  the  first  series 
was  on  this  occasion  only  37,  from  130  to  187  mm.,  with  an  average  size  of 
160*3mm.,  or  6^  inches.  The  second  series  was  well  marked,  comprising 
516  haddocks  from  230mm.  (9t^  inches)  to  327mm.  (12^  inches),  with  a 
difference  of  97mm.  or  3^  inches.  The  average  size  of  this  series  was 
281*9mm.,  or  a  little  over  11^  inches. 

The  annual  increment  of  growth  between  the  two  series,  as  shown  in 
this  haul,  is  therefore  12r6mm.,  or  a  little  over  4|  inches.  If  the 
average  ojf  the  second  series  of  the  13th  be  compared  with  that  of  the 
much  larger  first  series  of  the  8th,  the  increase  in  a  year  is  very  nearly 
the  same,  viz.,  122*1  mm.  And  since  the  interval  between  the  hauls  is 
only  five  days,  the  measurements  may  be  combined  with  the  following 
result,  the  imperfect  second  series  in  the  first  haul  being  omitted  for  the 
reasons  stated. 


No. 
1st  Series,  516 
2nd  Series,     516 


Range.  Difference.  Av.  Size, 

mm.            mm.  mm. 

118-199          81  159-8 

230-327          97  281-9 


Year's 

Growth. 

mm. 

122-1 


In  the  haul  of  the  13th,  at  least  two  other  older  generations  are  repre- 
sented, but  so  scantily  that  the  conclusion  may  be  drawn  that  the  great 
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bulk  of  them  were  elsewhere,  perhaps  off-shore.  There  are  27  haddocks 
from  330  to  391  mm.,  one  at  423,  and  one  at  495mm.  The  latter  is  at 
least  two  years  older  than  the  second  series  referred  to  above,  but  all  the 
others,  with  the  exception  of  the  one  at  423mm.  beloug  to  the  third 
series.  Including  the  odd  one  mentioned,  the  28  haddocks,  with  a  range 
of  93mm.,  have  an  average  size  of  356*7 mm.,  or  slightly  over  14  inches. 
Examination  of  the  curves  (Plate  XIIL)  indicates  that  this  average  is 
too  low  for  the  group,  and  the  number  is  small 

A  haul  by  the  "St.  Andrew"  in  Aberdeen  Bay,  in  8  to  10  fathoms,  on 
3l8t  October,  yielded  157  liaddocks,  and  another  haul  on  the  following 
day  (1st  November)  produced  1610.  Their  measurements  in  centimetre 
groups  are  given  in  the  following  Table,  the  first  line  representing  the 
first  haul  and  the  last  the  totals. 
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In  the  first  haul  of  3l8t  October,  127  haddocks  are  comprised  in  the 
first  series,  ranging  from  127  to  205  mm.,  with  a  difference  between  the 
smallest  and  the  li^gest  of  78mm.,  or  3^  inches,  and  having  an  average  size 
of  166*2mm.,  or  6^  inches.  There  were  no  haddocks  between  205mm. 
and  254mm.,  a  gap  of  49mm.,  and  the  second  series  begins  at  the  size 
stated,  viz.,  254mm.  It  is  scantily  represented  in  this  haiil,  and  it  is  not 
very  easy  to  say  where  its  termination  is,  but  it  seems  to  be  about  34cm. 
The  number  of  haddocks  comprised  within  it  is  25,  the  largest  being 
332mm.  (the  next  is  355mm.);  the  range  is  thus  78mm.,  and  the  average 
size  282*4mm.,  or  11^  inches.  The  annual  increase  in  size  between  the 
two  series  appears  from  the  averages  to  be  116'2mm.,  or  4^  inches,  which 
is  probably  under  the  real  amount. 

There  were  twelve  larger  haddocks  in  this  catch,  varying  from  355mm., 
or  14  inches,  to  650mm.,  or  fi.  little  over  25||  inches.  They  obviously 
belong  to  two  or  three  later  series,  but  the  numbers  are  too  small  to 
allow  their  limits  to  be  assigned. 

In  the  haul  on  1st  November  two  series  are  very  well  marked.  The 
first,  comprising  483  specimens  from  135  to  222  mm.,  with  a  difference 
of  87mm.,  had  an  average  size  of  170*5mm.,  or  6|^  inches,  4'3mm. 
higher  than  the  average  of  the  previous  haul.  There  is  one  haddock 
still  smaller,  viz.,  104mm.,  and  as  the  next  largest  is  135mm.,  or  31mm. 
(nearly  1^  inches)  more,  it  is  excluded  as  probably  belonging  to  an 
earlier  series. 

The  next  series  begins  at  232mm.,  but  its  termination  is  somewhat 
obscure.  It  will  be  seen  from  the  Table  given  above,  and  the  curve, 
that  there  is  a  rapid  and  regular  decline  from  the  maximum  to  32cm., 
and  that  then  a  very  slight  rise  occurSi  and  the  line  is  prolonged  at 
much  the  same  level  to  37cm.,  after  which  there  is  a  gradual  fail  to 
42cm.  All  these  fishes  can  scarcely  be  included  in  one  series  as  the 
curve  shows,  since  it  would  give  a  range  of  191mm.,  or  over  7^  inches. 
Most  of  them  appear  to  be  the  smaller  members  of  another  series, 
the  bulk  of  which  was  not  on  the  grounds.  The  slope  of  the  curve 
indicates  a  termination  at  about  35cm.,  and  this  slope  corresponds  with 
that  of  the  more  perfect  curve  of  the  October  and  December  hauls 
(PI.  XIII.).  On  this  basis  the  group  comprises  976  haddocks  from  232 
to  349  mm.,  with  a  range  of  117mm.,  or  if  inches,  and  the  average  size 
is  293*6mm.,  or  11^^  inches.  The  difference  between  the  averages  of 
the  two  series  is  123*  1mm.,  or  4|-  inches,  and  this  represents  the  apparent 
annual  increment  of  growth  in  this  case. 

Since,  however,  the  hauls  were  taken  on  successive  days  and  on  the 
same  grounds,  the  results  of  each  may  be  combined,  and  then  we  have 
the  following : — 

Year's 
Range.     Difference.  Av.  Size.      Growth. 
No.  mm.  mm.  mm.  mm. 

Ist  Series,       610  127-222  95  1696  — 

2nd  Series,    1001  232-349         117  2933  1237 

The  average  for  the  first  series  is  169*6mm.,  or  6^  inches,  and  for 
the  second  series  293 '3mm.,  or  H-jV  ^^^^^^  ^^^  ^^®  amount  of  one 
year's  growth  from  the  smaller  to  the  larger  series,  as  shown  by  the 
difference  of  the  averages,  is  123'7mm.,  or  4|  inches.  The  annual  incre- 
ment of  growth  deduced  from  these  hauls  corresponds  closely  with  that 
obtained  from  earlier  October  averages,  viz.,  122-1  mm.,  being  only  r6mm. 
higher.  If  it  were  assumed  that  growth  was  continuous  and  uniform 
throughout  the  whole  year,  the  daily  increment  required  to  make  up  the 
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annual  amount  would  be,  on  the  mean  of  the  four  hauls,  -3367mm. 
Growth,  however,  is  not  uniform,  but  is  arrested  or  retarded  in  winter, 
and  comparison  of  the  averages  between  the  various  hauls  detailed  above 
enables  an  estimate  to  be  made  of  the  actual  increment  of  growth  in 
the  interval  between  them.  The  averages  of  the  first  series  give  the 
following : — 


Date. 

Interval. 

No.  of       Average 
Fishes.          Size. 

1 

Apparent 

Growth  in 

Interval. 

1 

Rate  per 
Day. 

8th  Oct. 
13th     „ 
31st     „ 
31st     „ 

Ist  Nov. 

»»       » 

Days. 

•   • 

5  from  8th 

23  „      „ 

18  „     13th 

24  „     8th 

19  „     13th 

478 

37 

127 

•  • 
483 

•   • 

Mm. 
159-7 
160-3 
166-2 

•  • 

170-5 

•  • 

Mm. 

•   • 

0-6 

6-5 

5-9 

10-8 

10-2 

Mm. 

■   • 

•12 

-2826 

-3278 

•450 

•5368 

The  rate  deduced  from  these  averages  thus  varies  very  considerably, 
even  if  the  figures  for  the  smaller  catch  of  37  fishes  on  13th  October  be 
excluded.  The  mean  of  the  five  data  is  0*3434mm.  daily,  or^  excluding 
the  catch  referred  to,  0.3993mm.  Comparison  of  the  two  last  groups,  viz., 
8th  October  with  478  fishes  and  1st  November  with  438  fishes,  gives 
probably  the  most  trustworthy  rate,  0*450mm.,  and  this  agrees  fairly  well 
with  the  mean  for  the  two  first  hauls  and  the  two  last  hauls,  which  is 
•4455mm.  Uniform  growth  at  this  rate  would  complete  the  full  annual 
increment  in  about  nine  months. 

The  increase  in  the  average  of  the  second  series  is  shown  below,  the 
13  fishes  in  the  imperfect  record  of  8th  October  being  omitted  {see  p.  191). 


Date. 

Interval. 

No.  of 
Fishes. 

Average 
Size. 

Apparent 

Growth  in 

Interval. 

Rate  per 
Day. 

13th  Oct. 

3l8t       „ 

Ist  Nov. 

Days. 

•   • 

18  from  13th 

19  „      „ 

516 

25 

976 

Mm. 
281-9 
282-4 
293-6 

Mm. 
15-4 

0-5 
11-7 

Mm. 

•   ■ 

•0278 
-6168 

The  variation  here  is  still  more  marked,  owing  no  doubt  to  the  very 
small  number  of  fishes  on  the  3 Ist  October.     The  mean  of  the  averages 
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is  *3218.  Comparison  of  the  516  fishes  of  the  13th  October  mih.  the 
976  of  the  1st  November  indicates  a  rate  of  0'6158mm.  per  day.  The 
mean  daily  rate  of  increase  between  the  haul  of  13t)i  and  the  two  last 
hauls  is  0'60mm.  It  would  require  a  much  larger  series  of  measurements 
to  furnish  the  true  equivalent,  and  all  that  can  be  said  at  present  is  that 
haddocks  of  these  series  grow  about  4|  inches  in  a  year,  and  probably  a 
little  under  '5mm.  daily  in  autumn. 

In  December  a  number  of  similar  hauls  were  made  by  the  *'Star  of 
Hope**  in  Aberdeen  Bay.  On  the  17th,  in  6-15  fathoms,  145  haddocks 
were  taken ;  on  the  19th  two  hauls  were  made,  the  first,  in  6-8^  fathom?, 
yielding  94  haddocks,  and  the  other,  in  5-12  fathoms,  yielding  496  haddocks 
(PL  XIII.).  The  measurements  are  arranged  in  centimetre  groups  in  the 
following  Table,  the  first  line  containing  those  of  the  first  haul,  the  second 
and  third  those  on  the  19th,  while  i£e  fourth  includes  the  haddocks 
(110)  caught  in  three  hauls  on  the  17th  with  the  otter-net,  but  without 
the  imall-meshed  net  around  it,  and  the  last  line  gives  the  totals. 
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In  the  haul  of  1 7th  December  two  series  are  represented.  The  first 
comprised  133  haddocks,  from  143mm.  to  211mm.  in  length,  with  a 
range  of  68mm.,  and  having  an  average  size  of  179'8mm.,  or  7-^  inches. 
The  second  series  included  only  12  fishes,  from  260  to  336  mm.;  they 
had  an  average  size  of  293 '2mm.,  or  ll-j^  inches. 

In  the  first  haul  on  19  th  December,  244  haddocks  belonged  to  the 
first  series,  varying  in  size  from  153  to  224  mm.,  the  range  being  71mm., 
or  a  little  more  tluEtn  2 1  inches,  and  the  average  size  was  186'3mm.,  or 
7y\  inches.  The  second  series  contained  251  fish,  from  237  to  345  mm., 
with  a  range  of  108mm.,  or  4^  inches,  and  an  average  size  of  295*3mm., 
or  1 1|^  inches. 

In  the  second  haul  on  19th  December  the  first  series  contained  94 
haddocks,  from  143  to  203  mm.,  with  a  range  of  60mm.  and  an  average 
size  of  17rOmm.,  or  nearly  6|  inches.  No  other  series  was 
represented. 

If  the  two  hauls  on  the  19th  are  combined,  we  get  for  the  first  series 
of  338  fishes  a  range  of  81mm.  (from  143  to  224)  and  an  average  size 
of  182'Omm.,  or  a  little  over  7^  inches.  If  the  three  hauls  on  17th  and 
19th  are  combined  the  range  of  the  471  haddocks  of  the  first  series  is 
the  same  as  the  above,  and  the  average  size  becomes  18r4mm.  When 
the  second  series  of  263  haddocks,  represented  only  in  two  of  the  three 
hauls,  is  combined,  the  range  is  from  237  to  345  mm.,  with  a  difference 
of  108mm.,  and  the  average  size  is  295*3,  the  same,  therefore,  as  in  the 
preponderating  haul  of  the  19th. 

Comparison  of  the  averages  of  the  two  series  in  the  various  hauls  in 
which  both  are  represented  shows  the  difference  between  them  to  be  less 
than  in  the  October  hauls.  In  the  haul  of  17th  December  it  is 
113*4mm. ;  in  that  of  19th  December  it  is  109*0mm.  The  difference 
between  the  mean  size  of  the  first  series  in  the  two  hauls  of  the  19th, 
and  the  mean  for  the  second  series  on  the  17th  and  19th,  is  113*3mm. ; 
and  that  between  the  mean  for  the  first  series  of  the  three  hauls  and  the 
mean  of  the  second  series  is  113*9mm.  The  amount  of  annual  growth, 
then,  as  indicated  by  these  December  hauls,  is  about  113mm.,  or 
4^  inches,  while  in  the  October  hauls  it  was  about  123mm.,  or  10mm. 
more.  The  disparity  is  due  to  the  low  average  for  the  second  series, 
which  was  295*3mm.  for  the  December  hauls,  while  it  was  293*3mm.  for 
the  October-November  hauls,  47  days  earlier.  This  low  December 
average  may  be  partly  caused  by  greater  retardation  of  growth  in  the 
larger  fishes  than  in  the  smaller,  as  the  temperature  f aUs,  but  it  appears 
to  be  mainly  caused  by  the  relatively  sinaller  number  of  haddocks 
belonging  to  the  second  series  present  in  the  December  hauls,  the  larger 
individuals,  as  in  the  case  of  the  whitings,  leaving  the  inshore  waters  in 
greater  numbers  than  the  smaller  ones  late  in  the  year.  Thus,  in  the 
hauls  on  8th-13th  October  the  percentage  of  the  second  series  repre- 
sented was  50 ;  in  the  hauls  of  31st  October^lst  November  the  per- 
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centage  was  62,  and  in  the  hauls  in  December  it  was  only  36.  For 
these  reasons  the  annual  increment  of  growth  deduced  from  the  October 
hauls  is  probably  the  more  accurate. 

Comparison  of  the  averages  at  the  different  periods  indicates  the  rate* 
of  growth  in  the  intervals,  and  it  also  reveals  the  retardation  associated 
with  falling  temperature.  For  the  first  series  the  particulars  are  as 
follows : — 


Date. 

Interval. 

No.  of 
FisheR. 

Average 
Size. 

Apparent 

Growth  in 

Interval. 

Bate 

per 

Day. 

• 

Days. 

Mm. 

Mm. 

Mm. 

I.  Oct.  8,  13 

. . 

515 

159-8 

•   • 

•   • 

II.     „    31,  Nov.  1 

21 

610 

169-6 

9-8 

•4667 

III.  Dec.  17-19 

69  from  I. 

471 

181-4 

21-6 

•3130 

>»        »» 

48     „    II. 

•   • 

•   • 

11-8 

•2458 

Although  the  precise  rate  might  be  considerably  altered  if  the  basis 
of  calculation  were  wider,  the  regularity  of  the  decline  is  of  interest. 
In  the  first  case  it  would  take  242  days  to  complete  an  annual  increment 
of  1 1 3mm.,  in  the  second  case  361  days,  and  in  the  third  case  455  days. 
To  complete  an  annual  increment  of  123mm.,  the  time  required  would 
be  respectively  263,  389,  and  500  days.  The  details  in  regard  to  the 
second  series  may  also  be  given,  but  their  interpretation  is  subject  to 
the  qualification  above  referred  to  with  regard  to  the  relative  proportion 
of  these  fishes  present  in  the  hauls. 


Date. 


I.  Oct.  13 
II.     „    31,  Nov.  1 
III.  Dec.  17-19 


>> 


Interval. 


No.  of 
Fishes. 


Days. 


19 


66  from  I. 
47     „    II. 


516 


1001 


263 


Average 
Size. 


Mm. 
281-9 
2933 
29V3 


Apparent 

Growth  in 

Interval. 

Rate 

per 

Day. 

Mm. 

Mm. 

•   • 

11-4 

•    • 

-60 

13-4 

-2030 

20 

-0426 

Several  hauls  were  made  with  the  small  shrimp-trawl  of  the 
"  Garland  "  in  Aberdeen  Bay  in  September,  October,  and  November, 
and  although  the  number  of  haddocks  taken  was  very  small  the  results 
may  be  given  here.     The  hauls  were  as  follows : — 
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I.  18-25th  Sept.,  5-15  fathoma. 
II.  9th  October,  16 

III.  12th       „ 

IV.  13th       „         13-16 


» 


)) 


» 


» 


V.  23rd  Oct.,  36^-49  fathoms. 
VI.  24th     „       60J-60 
VII.  7-9th  Nov.,  45-53 


» 


»i 


The  measurements  arranged  in  centimetre  groups  are  su 

bjoined : — 

No.  of 
Haul. 

11 

•       • 

I. 

12 

1 

13 

14 

15 

3 

16 

1 

17 

18 

le 

20 

21 

•  • 

I. 

6 

4 

•     • 

•  • 

•     • 

II. 

V 

•      • 

i 

1 

•      • 

6 

6 

1 

1 

•     • 

•   • 

III. 

1 

•       •                           •       • 

1 

2 

2 

•   • 

1 

•  • 

•     « 

IV. 

•       • 

•      ■ 

1 

•   ■ 

2 

3 

•     • 

1 

•     • 

V. 

•       • 

«      ■ 

5 

13 

19 

15 

5 

1 

•     • 

VI. 

•      ■ 

•      • 

2 

2 

2 

2 

1 

1 

■     • 

VII. 

•      • 
1 

•     « 

1 

3 

2 

8 

1 

•  • 

•     • 

No.  of 
Haul. 

22 

•     • 

28 

•     • 

24 

1 

25 

•  • 

26 

1 

27 

5 

28 

•  • 

20 

80 

•    • 

81 

82 

I. 

1 

II. 

•     • 

•     • 

•  • 

1 

•  • 

•  • 

1 

«    • 

III. 

•     • 

•      • 

2 

1 

1 

1 

*  • 

•    • 

IV. 

•     • 

• 

•     • 

■  ■ 

.  • 

1 

2 

•  • 

•    • 

V. 

•     • 

2 

•  • 

2 

3 

2 

2 

1 

VI. 

•     • 

•   • 

1 

•  • 

•  • 

1 

1 

1 

VII. 

• 

•   • 

•  • 

1 

1 

•   • 

1 

•    • 

In  a  few  hauls  made  between  the  18th  and  25th  September  in  from 
5-15  fathoms,  23  haddocks,  in  all,  were  captured.  The  first  series  con- 
tained 15  from  122  to  160  mm.,  with  an  average  size  of  142*  1mm.  The 
next  series  is  represented  by  7  specimens  from  244  to  277  mm.,  with  an 
average  of  266'7mm.  There  was  also  a  single  specimen  at  321mm., 
probably  belonging  to  a  later  series. 

The  hauls  on  9th,  12th,  and  13th  October  combined  yielded  38 
haddocks,  of  which  28  belonged  to  the  first  series  with  a  range  of  from 
132  to  183  mm.,  a  difiference  of  51mm.,  and  an  average  size  of  158*6mm. 
The  second  series  contained  10,  from  247  to  289  mm.,  the  average  size 
being  264*5mm. 

In  the  two  hauls  on  23rd  and  24th  October  84  haddocks  were  taken. 
The  first  series  comprised  68  fish  from  131  to  186  mm.,  with  a  range  of 
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55mm.  and  an  average  size  of  157*6mm.  The  second  series  contained 
16  haddocks,  from  234  to  308  mm.,  with  an  average  size  of  268*8mm. 
The  liauls  on  7th  and  9th  November  yielded  18  haddocks,  of  which  15, 
ranging  from  138  to  175  mm.,  belonged  to  the  first  series,  the  average 
size  being  151 '5mm.  The  other  three  fish  belonged  to  the  second  series, 
and  were  253,  265,  and  289  mm.  long,  the  average  being  269'Omm. 

These  aveittges  correspond  fairly  well  with  those  from  hauls  by 
trawlers  at  approximate  dates,  but  they  are  under  the  latter,  especially 
those  of  the  second  series,  a  circumstance  no  doubt  due  to  the  larger 
fishes  more  readily  escaping  capture  by  the  small  shrimp-trawl  of  the 
''  Garland."  The  differences  between  the  averages  of  the  two  series  in 
the  various  bawls  are  respectively  124*6,  105*9,  111"2,  and  117*5  mm.; 
in  the  one  with  the  largest  catch  it  is  lll*2mm.  The  average  of  the 
126  fish  in  the  first  series  combined  is  155'4mm.,  and  in  the  36  of  the 
second  series  267*2mm.  The  difference  between  them  is  lll*8mm., 
(4|  inches),  which  represents  the  amount  of  gi'owth  in  one  year,  and  is 
only  2' 1mm.  under  the  mean  deduced  from  the  December  averages  for 
the  "  Star  of  Hope."  Here  also  the  second  series  was  not  fully  repre- 
sented in  the  catches,  the  percentage  being  only  22  of  the  total. 

2.  The  Mobat  Firth. 


In  a  haul  by  the  "  Star  of  Hope,"  with  the  fine-meshed  net  around 
the  cod-end,  on  the  10th  October  in  25  fathoms,  off  Dunbeath,  Caithness, 
308  haddocks  were  taken.  Their  measurements  are  arranged  in  centi- 
metre groups  as  follows  : — 


11 

12 

18 

14 

15 

16 

17 

18 

19 

20  . 

1 

1 

3 

•  • 

•  • 

•  • 

«  • 

•  • 

■  • 

•  • 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 

1 

•   • 

•  • 

10 

29 

55 

68 

49 

28 

10 

31 

82 

88 

84 

85 

86 

87 

88 

89 

40 

6 

4 

8 

11 

8 

6 

3 

6 

•  • 

2 

The  first  series  is  represented  by  only  6  haddocks  from  1 13  to  218nm)., 
with  an  average  of  144mm. 

The  second  series  comprises  259  specimens,  ranging  in  size  from  242 
to  326  mm.  From  242mm.  the  measurements  form  a  S3anmetrical  curve 
to  326mm.,  after  which  there  is  a  rise  and  prolongation  to  about  39cm., 
in  the  same  manner  as  is  shown  in  the  curve  for  this  series  in  the  haul 
in  Aberdeen  Bay  on  1st  November  (we  p.  193,  PI.  XIII.),  and 
probably  capable  of  the  same  explanation.  The  range  is  84mm.,  and  the 
average  size  of  the  group  is  276 '3mm.,  or  10|  inches. 

The  remainder  of  the  haddocks,  43  in  number,  appear  to  belong  to 
another  series  only  partially  represented  in  the  catch.  Their  size  ranges 
o 
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from   330   to  408  mm.,  the  average  size   being    374'Omm.,   or   about 
14|  inches. 

The  haddocks  caught  in  a  number  of  hauls  by  the  "  St.  Andrew  "  in 
the  Moray  Firth  were  measured,  the  hauls  being  as  follows : — 

I.  3rd  November,  in  50  fathoms,  about  30  miles  west  of  Kinnaird 
Head,  and  about  12  miles  from  land. 

II.  3rd  November,  in  12-14  fathoms,  off  Lossiemouth. 

III.  5th  November,  in  7-11  fathoms,  Dornoch  Firth,  small-meshed 
net. 

IV.  5-7  November,  in  8-12  fathoms,  Dornoch  Firth. 

Y.  8th  November,  in  35  fathoms,  east  of  Smith  Bank,  small-meshed 
net. 

The  measurements,  arranged  in  centimetre  groups,  are  as  follows : — 
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No. 

19 

13 

14 

15 

18 

17 

18 

18 

98 

91 

99 

93 

I. 

II. 
III. 
IV. 

V. 

•  •  ■ 

1 

•  •  • 

1 

•  •  • 

1 

•  ■  • 

5 

•  •  • 

1 

•  •  • 

6 

•  •  • 
■  •  • 

1 
1 
8 

•  •  ■ 

•  •  ■ 

•  •  • 

4 

•  •  • 

1 

•  •  • 

1 

■  •  • 

•  •  • 

•  •  • 

•  •  • 

1 

•  •  • 
■  •  • 

•  •  • 

•  •  • 

1 

2 

•  ■  • 
• « • 

•  •  • 

Totals 

1 

1 

6 

7 

5 

4 

1 

1 

1 

1 

2 

No. 

94    95 

9« 

97 

98 

98 

38 

31 

39 

33 

34 

35 

I. 

II. 
III. 
IV. 

V. 

10 
9 

27 

5 
85 

52 
1 

77 

40 

4 

80 

23 
2 

3 
52 

20 
1 

1 

2 

29 

12 
3 

■ « • 

5 
14 

21 
2 

2 
5 

24 
3 
1 

22 

8 

31 
2 

20 
8 

S3 
1 

•  •  • 

15 
5 

19 

•  k  • 

1 

15 
5 

Totals 

IP 

67 

130 

124 

80 

53 

> 

34 

30 

58 

61 

54 

40 

No. 

3« 

37 

38 

3t 

48 

41 

49 

43 

44 

45 

48 

47 

I. 
II. 

• 

IV. 

V. 

10 
2 

■  •  • 

13 

•  •  ■ 

7 

•  •  > 

2 
10 

•  •  • 

5 

•  c  • 

■  •  • 

6 

•  •  • 

1 

•  •  • 

1 
3 

•  ■  • 

1 
1 

•  •  • 

3 

•  • « 

•  •  • 

1 
8 

•  •  • 

1 

•  ■  • 

•  •  • 

3 

•  •  • 

•  •  • 

•  •  • 

•  ■  a 

2 

■  •  • 

1 

•  •  • 

•  •  • 

•  1 

•  •  • 

1 

•  •  • 

1 
4 

•  •  • 

1 

•  •  • 

«  •  • 

•  •  • 
■  •  • 

•  •  • 

•  •• 

■  •• 

4 

■  •  • 

Totals 

25 

19 

11 

5 

5 

9 

4 

2 

2 

6 

1 

4 

No. 

48 

4t 

M 

51 

59 

53 

54 

55 

58 

57 

58 

58 

I. 

II. 

III. 

IV. 

1 

•  ■  • 
■  •  • 

1 

•  •  • 

•  •  • 

•  •  • 

3 

•  ■  • 

1 

1 

1 

•  •  • 

1 

1 

•  ■  • 

1 
1 

•  •  • 

•  •  • 

•  •  • 

1 

1 

•  •  • 

•  •  • 

1 

Totals 

2 

3 

1 

2 

2 

2 

1 

2 

No. 

M 

•1 

•9 

•3 

84 

85 

88 

87 

88 

88 

78 

71 

I. 

II. 

III. 

IV. 

■  •  • 

1 

•  •  • 

1 

■  •  • 

1 

•  •  • 

•  •  • 

1 

1 

1 

•  •  • 

1 

1 
1 

•  •  • 

•  •  • 

1 

•  •  • 

•  •  • 

•  •  • 

1 

•  •  • 

•  •  • 
« •  • 

1 

Totals 

1 

1 

1 

3 

1 

'  •  • 

2 

1 

1 

1 

No. 

"•i 

79 

73 

74 

75 

78 

n 

78 

78 

88 

81 

89 

83 

... 

... 

... 

■  •  ■ 

1 

... 

... 

... 

•  •  • 

•  •  • 

•  •  • 
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From  this  Table,  and  from  the  curves  shown  on  Plate  XII.,  it 
will  be  seen  that  these  groups  are  fairly  well  represented  in  these  hauls, 
and  members  belonging  to  later  series  are  also  present.  Very  few 
haddocks  of  the  first  series  were  caught,  even  when  the  small-meshed 
net  was  used.  On  the  6th  (Haul  III.)  only  16  haddocks  altogether 
were  caught,  a  number  too  small  to  be  of  much  service.  In  the  haul  on 
8th  (Haul  v.),  in  35  fathoms,  21  belonging  to  this  series  were  taken, 
varying  from  141mm.  to  209mm.,  the  range  being  68mm.,  and  the 
average  size  was  163'2mm.,  or  6-i^  inches.  The  particulars  for  this 
series  in  all  the  hauls  combined  are  27  fishes,  ranging  from  127  to 
209mm.,  with  a  range  of  82mm.,  and  an  average  size  of  159 '3mm. 

The  second  series  is  the  best-marked  in  most  of  the  haids,  but  there 
are  interesting  differences  between  some  of  them  {see  PI.  XII.). 
In  that  of  8th  November,  in  35  fathoms,  east  of  Smith  Bank,  it 
will  be  observed  that  the  curve  of  measurements  is  fairly  symmetrical, 
and  that  it  has  the  prolongation  into  the  third  series  which  was 
shown  to  exist  in  several  previous  cases.  In  the  hauls  in  the  Dornoch 
Firth,  November  5-7  (No.  IV.),  the  curve  shows  that  very  few 
of  the  second  series  were  present,  the  haddocks  belonging  mostly 
to  the  third  series.  In  the.  haul  on  3rd  November,  in  50  fathoms 
(No.  I.),  the  curve  distinctly  shows  the  presence  of  the  third  as  well 
as  the  second  series.  These  variations  appear  to  be  caused  by  the 
independent  migratory  movement  of  the  fisHes  belonging  to  one  and  the 
same  group. 

In  the  haul  on  3rd  November,  in  50  fathoms,  the  number  of  haddocks 
belonging  to  the  second  group  was  187,  from  236  to  309  mm.,  with  a 
range  of  73mm.,  and  an  average  size  of  270'8mm.,  or  10}^  inches.  The 
third  series  of  152  fish,  ranging  from  311  to  405  mm.,  had  an  average 
size  of  340-7mm.,  or  13^^  inches.  In  the  haul  of  8th  November,  in  35 
fathoms,  the  second  series  contained  298  fishes,  from  229  to  312  mm.,  with 
a  range  of  88mm.,  and  an  average  size  of  266*0mm.,  or  10^  inches. 
The  third  series  was  represented  by^only  29  haddocks,  and  was  obviously 
incomplete  in  range.  The  smallest  was  315  and  the  largest  359  mm., 
the  average  ^ize  being  335*  1mm.,  or  13 A-  inches.  In  the  combined 
hauls  in  Dornoch  Firth,  November  5th-7th,  the  second  series  is  repre- 
sented by  only  19  fish,  with  an  average  of  280mm.,  and  the  third 
extending  from  314  to  405  mm.,  and  numbering  108  fishes,  has  an 
average  size  of  343'9mm.,  or  13^^  inches. 

On  Plate  XII.,  fig.  A,  is  represented  curves  of  all  the  haddocks  caught 
and  measured  in  the  Moray  Firth  in  the  hauls  from  3rd  to  9th 
November.  The  first  series,  containing  27  fishes,  has  been  referred  to. 
The  second  series  comprised  505  haddocks,  from  229  to  312  mm.,  the 
range  being  83mm.,  and  the  average  size  268'4mm.,  or  10-|^  inches. 
The  third  series  comprised  295  fishes,  from  311  to  413  mm.,  the  range 
being  102mm.,  and  the  avenige  size  342mm.,  or  13j^  inches.  The 
apparent  annual  increment  of  growth  from  the  first  to  the  second  series 
was  109*  1mm.,  or  4-|^  inches,  and  from  the  second  to  the  third  73*6mm.y 
or  2g  inches. 

While  the  former  may  be  regarded  as  approximately  accurate,  the 
latter  is  subject  to  some  doubt,  owing  to  the  difficulty  of  fixing  the  end 
of  the  series,  and  the  imperfect  representation  of  the  group  as  shown  by 
the  curves  in  the  plate. 

Besides  these  haddocks  there  were  in  the  November  hauls  other  56 
larger  ones,  whose  size  varied  from  410mm.,  or  16^  inches,  to  770mm., 
or  30^  inches.  It  is  more  difficult  to  separate  these  into  groups,  and 
further  observations  are  desirable. 
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3.  Deep  Water. 

In  the  hauls  made  in  deep  water  by  the  '*  St.  Andrew  **  in  August, 
September,  and  October,  a  number  of  haddocks  caught  were  measured. 
The  measurements  of  the  hauls  on  31st  August  and  4th  September, 
arranged  in  centimetre  groups,  are  as  follows : — 


5 

6 

7 

8 

0 

10 

11 

; 

12 

18 

14 

•     • 

1 

8 

18 

19 

13 

6 

2 

•     • 

1 

•     • 

11 

39 

60 

61 

21 

2 

1 

•     • 

•  • 

15 

16 

17 

18 

19 

20 

21 

22 

28 

24 

•      • 

•  • 

•     • 

4 

•  • 

2 

3 

1 

5 

2 

■      • 

•  • 

•     • 

•       • 

•  • 

•    ■ 

•      ■ 

2 

•  3 

2 

25 

26 

27 

28 

29 

80 

81 

32 

88 

84 

1 

•      • 

•     • 

•     • 

• 

•     • 

•     • 

■  • 

•     • 

•     • 

2 

4 

4 

5 

8 

17 

37 

40 

44 

45 

85 

86 

87 

88 

89 

40 

41 

42 

48 

44 

•  . 

•  • 

•     • 

•  . 

•  « 

*  . 

•     • 

•     • 

•     • 

•     • 

43 

38 

^    23 

21 

18 

9 

6 

4 

2 

•     • 

On  3l8t  August,  at  about  65  miles  S.  E.  by  E.  of  Sumburgh  Head, 
Shetland,  in  62  fathoms,  the  small-meshed  net  was  used  around  the  cod- 
end,  and  86  haddocks  were  taken  in  it.  Those  caught  in  the  ordinary 
trawl-net  were  not  measured  on  this  occasion,  so  that  the  data  are  of 
use  only  in  regard  to  the  smaller  forms.  Of  the  86  fish,  67,  from  68  to 
126  mm.,  formed  a  well-marked  first  series,  with  a  range  of  58mm.  and 
an  average  size  of  93*4mm.,  or  3^^  inches.  The  range  was  thus  about 
2^  inches,  from  2^  inches  to  4}^  inches.  The  other  19  haddocks 
varied  from  148  to  252  mm.  They  appeared  all  to  belong  to  a  second 
series,  only  partly  represented  (Plate  XIV.).  The  average  size  was 
2 10' 1mm.,  or  8|  inches. 

In  a  haul  in  the  same  locality,  in  62^  fathoms,  on  4th  September, 
672  haddocks  were  taken.  Those  in  the  smaU-meshed  net  numbered 
195,  and  all  belonged  to  a  first  series,  ranging  in  size  from  61  to  1 20  mm. 
(2|-4|  inches),  and  with  an  average  size  of  87*  1mm.,  or  3/^  inches.  If 
this  series  is  combined  with  that  of  3l8t  August,  the  average  size  of  the 
262  haddocks  would  be  88*7mm.,  and  the  range  from  61  to   126  mm. 
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The  remainder  of  the  haddocks  in  this  haul  were  measured  in  inches,  and 
they  belonged  to  two  series.  The  first  was  imperfectly  represented  by 
17  fish,  from  8|  to  10|  inches,  the  average  size  being  9-|^  inches,  or 
about  251mm.  The  next  series  comprised  360  haddocks  from  llj^  to 
17i  inches,  the  average  being  13^  (13^^(5^  inches,  or  about  350mm. 

The  haddocks  taken  in  a  haul  with  the  ordinary  net  on  3rd  Sep- 
tember, in  65  fathoms,  were  measured  to  quarters  of  an  inch ;  the 
measurements,  tittnsferred  as  nearly  as  possible  to  centimetre  groups, 
are  represented  in  fig.  III.,  PL  XIV.  Two  series  were  represented ; 
one  partially  and  imperfectly  by  71  fish  from  8^  to  \\\  inches,  with 
an  average  size  of  9^  inches,  or  about  243mm.  The  second  series 
contained  1546  haddocks  from  11^  to  17 j  inches,  the  range  being 
5|  inches,  or  about  147mm.,  and  the  average  size  barely  14  inches 
(13^j^),  or  about  354*8mm.  This  series  for  the  two  hauls  combined, 
comprising  1906  haddocks,  gives  an  average  size  of  354'Omm.,  or  nearly 
14  inches  (13^^  inches).  The  remaining  27  haddocks  ranged  from 
17^  to  22|  inches. 

Hauls  were  also  made  in  deep  water  in  October.  On  the  16th,  in  65 
fathoms,  about  16  miles  S.E.  from  Fair  Isle,  the  small -meshed  net  being 
used,  673  haddocks  were  taken,  and  on  the  19th,  in  the  same  locality, 
in  60  fathoms,  452  haddocks,  the  measurements  of  which  are  arranged 
in  centimetre  groups  as  follows,  the  fii*st  line  containing  those  of  the 
first  haul,  the  second  those  of  the  haul  on  19th,  and  [the  third  the  sum 
of  both. 


7 

8 

e 

10 

11        12 

13 

14 

15 

16 

•  • 

•  • 

1 
1 

•    • 

6 

3 
26 

21 

47 

.  15 
47 

21 
24 

11 
11 

•  • 

•   • 

1 

•     • 

2 

6 

29 

68 

62 

45 

22 

•  • 

1 

17 

18 

10 

20 

21 

22 

23 

24 

25 

26 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

2 

•   • 

7 
1 

3 
1 

19 
7 

24 
15  • 

41 
21 

31 
37 

•     • 

•  • 

•  • 

2 

8 

4 

26 

39 

62 

68 

27 

28 

20 

30 

31 

32 

33 

34 

35 

36 

29 
26 

13 
12 

10 
6 

5 
5 

5 

8 

9 
8 

15 
13 

28 
26 

32 
19 

28 
12 

66 

25 

16 

10 

13 

17 

28 

54 

51 

40 

87 

88 

30 

40 

41 

42 

43 

44 

45 

46 

29 
16 

28 
13 

45 

7 

31 
7 

23 
9 

29 
3 

16 
3 

19 
2 

11 
2 

13 
2 

44 

41 

52 

38 

32 

32 

19 

21 

13 

i5 
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47 

48 

49 

50 

51 

52 

58 

54 

55 

56 

12 

•  • 

8 

•   • 

6 

•  • 

10 

1 

5 
2 

3 
2 

2 

•   • 

2 

1 

2 

1 

2 

•  • 

12 

8 

6 

11 

7 

5 

2 

3 

3 

2 

57 

58 

50 

60 

61 

62 

68 

64 

65 

66 

•  • 

•  • 

1 

•  ■ 

3 

• 

•  « 

1 

•  • 

•  • 

•  ■ 

•  • 

•  • 

> 

•  • 

•  ■ 

•  • 

•  • 

1 

•  • 

•  • 

•  • 

1 

3 

1 

■  • 

•  • 

•  • 

•  • 

1 

•  • 

The  curves  formed  by  these  measurements  are  shown  on  Plate  XV. 

In  the  haul  of  16th  October,  the  first  series  contained  72  haddocks 
from  84  to  145  mm.,  with  an  average  size  of  125'9mm.,  or  4-)4  inches. 
The  smallest  specimen,  measuring  84mm.,  is  separated  from  the  next 
(103mm.)  by  an  interval  of  19mm.  In  the  haul,  of  19th  October  the 
corresponding  series  comprised  162  haddocks  from  82  to  148  mm.,  with 
a  range  of  66mm.  and  an  average  size  of  116*lmm.,  or  4-A  inches.  In 
this  case  also  the  smallest  fish  is  separated  from  the  others  by  a  con- 
siderable interval  (10mm.);  a  2mm.  grouping  shows  the  following  order, 
from  80mm.  on :— 0,  1,  0,  0,  0,  0,  2,  2,  1,  1,  0,  3,  6,  &c.  There  was  a 
haddock  at  an  anomialous  size,  viz.,  167mm.  (the  next  being  218mm.), 
which  probably  represents  an  older  group  that  is  missing  from  these 
hauls. 

It  will  be  seen  that  there  is  a  difference  of  nearly  10mm.  between  the 
average  of  this  aeries  in  the  two  hauls ;  the  average  of  the  combined 
series  (234  fishes)  is  11 9*  1mm.,  or  4^  inches.  The  average  size  of  the 
corresponding  series  on  August  31st  was  93'4mm.,  and  on  4th  September 
87*1,  the  average  for  the  combined  series,  of  262  fiishes,  being  88'7mm. 
The  hauls  were  made  in  deep  water  on  each  occasion,  but  at  some 
distance  apart.  It  is  probable  that  any  variation  in  size  due  to  this 
circumstance  would  be  inconsiderable  at  this  stage,  and  if  the  series  in 
the  two  cases  are  really  comparable,  the  mean  averages  indicate  that  in 
the  interval  of  45  days  the  amount  of  growth  that  occurred  was 
30' 4mm.  (1^  inches),  or  at  the  rate  of  '6755mm.  daily.  If  this  rate  of 
growth  were  continued  for  the  six  months  May-October,  it  would 
aggregate  103'4mm.,  or  4^  inches,  and  since  the  average  size  of  the 
October  fish  of  this  series  is  only  4}- J  inches,  it  is  clear  that  the 
fish  of  this  series  were  spawned  in  the  spring  of  1900.  The  averages,  it 
has  been  said,  vary  in  the  different  hauls,  and  if  each  of  them  is  com- 
pared, the  respective  differences  shown  are  22'7mm.,  29'Omm.,  32.5mm., 
and  38'8mm. 

Other  two  series  are  well  represented  in  these  October  hauls.  The 
first  of  these  is  especially  well  marked,  as  also  in  another  haul  on  18th 
October,  made  without  the  small-meshed  net  around  the  cod-^nd  of  the 
trawl.  The  measurements  of  the  1451  haddocks  in  the  latter  case, 
grouped  in  centimetres,  are  shown  in  the  following  Table : — 
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12 

13 

14 

15 

16 

17 

18       10 

20 

21 

•     • 

1 
1 

•     • 

•      « 

•     • 

•     • 

•      •                                    •     • 

•  • 

•      • 

22 

1 
28 

24 

25 

26 

27 

28 

20 

80 

81 

5 

42 

82 

120 

142 

95 

46 

25 

23 

30 

82 

33 

84 

^5 

86 

87 

88 

80 

40 

41 

65 

80 

102 

1 

87 

87 

79 

63 

42 

46 

39 

42 

48 

44 

45 

46 

47 

48 

40 

50 

51 

22 

21 

• 

9 

17 

18 

7 

5 

4 

3 

4 

52 

58 

54 

55 

56 

3 

57 

58 

50 

60 

61 

6 

2 

3 

6 

2 

4 

2 

1 

1 

62 

68 

64 

65 

66 

67 

68 

60 

70 

71 

•     • 

•     • 

5 

1 

a      • 

•     • 

•     « 

1 

•     • 

•     • 

Curves  of  these  measurements  are  given  on  Plate  XV.  In  the 
haul  of  16th  October  the  first  of  the  two  series  referred  to  comprised 
184  fishes,  from  202  to  309  mm.,  with  a  range  of  107mm.  and  an 
average  size  of  257'5mm.,  or  10^  inches.-  The  same  series  in  the  haul 
of  19th  October  contained  131  haddocks,  from  218  to  309  mm.,  with  a 
range  of  91mm.  and  an  average  size  of  265'3mm.,  or  10 ^^  inches.  In 
the  haul  of  18th  October  the  series  comprised  580  haddoou,  from  222 
to  308  mm.,  with  a  range  of  87mm.,  and  an  average  size  of  263'5mm.,  or 
10^  inches.  Tlie  mean  for  the  895  haddocks  of  the  three  hauls  is 
262'5mm.,  or  10^^^  inches,  and  the  range  of  size  is  from  202mm.  (7}g 
inches)  to  309mm.  (12  ^^  inches),  the  difference  thus  being  107mm.,  or 
4i®tf  inches. 

Comparison  of  these  averages  with  those  of  the  corresponding  series  in 
August  and  September  is  perhaps  not  quite  reliable,  partly  because  the 
series  was  then  imperfectly  represented  in  the  hauls,  and  partly  because 
the  measurements  were  made  on  the  inch  scale.  But  so  far  as  the 
series  can  be  shown,  the  mean  average  on  3rd  and  4th  September  was, 
for  88  fishes,  244 '7mm.  This  would  indicate  an  approximate  growth 
for  the  fish  in  this  series  of  17'8mm.,  oi  W  of  an  inch,  in  44  or  45 
days  during  September  and  October. 
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The  next  series  represented  in  the  hauls  is  not  so  easily  analysed.  It 
will  be  seen  from  the  figures  on  the  Plate  that  the  curves  are  irregular 
and  the  range  extended,  and  that  the  termination  of  the  series  is  not 
easy  to  determine.  In  the  haul  of  16th  October  it  began  at  310mm. 
and  appears  to  end  about  439mm.,  with  a  range  of  129mm.,  or  5|^  inches, 
and  the  318  fishes  comprised  in  it  have  an  average  size  of  381'9mm.,  or 
nearly  15  inches.  In  the  haul  of  19th  October  it  begins  at  310mm.  and 
appears  to  end  about  444mm.,  with  a  range  of  134mm.,  or  5|  inches, 
and  it  comprises  145  fishes  with  an  average  size  of  361 '3mm.,  or  14^^^ 
inches.  A  glance  at  the  curves  on  the  Plate  will,  however,  show  that  m 
the  haul  of  the  16th  the  larger  members  of  this  series  were  unduly 
represented,  while  the  opposite  occurred  in  the  haul  of  the  19th. 
When  the  measurements  are  combined,  the  average  size  deduced  is 
376-5mm.,  or  14|  inches. 

In  the  haul  on  18th  October  this  series  is  much  better  shown.  It 
begins  at  309mm.  and  ends  apparently  at  445mm.,  with  a  range  of 
136mm.  and  an  average  size  for  the  772  fish  contained  in  it  of 
369'5mm.,  or  slightly  over  14 J  inches.  The  combinations  of  the 
measurements  for  the  three  hauls  gives  for  the  1235  haddocks  an 
average  size  of  371 '5mm.,  or  14f  inches,  and  a  range  of  136mm.  {b-^^ 
inches),  the  smallest  being  309mm.  (12j^  inches),  and  the  largest 
445mm.  (H^J  inches). 

Comparison  with  the  measurements  of  the  corresponding  sei-ies  in 
September,  when  the  mean  of  the  combined  haul  was  354'Omm., 
indicates  a  growth  in  the  44  or  45  days  of  17'5mm.,  almost  exactly  the 
same  as  the  amount  of  growth  deduced  above  for  the  preceding  series 
(viz.,  17'8mm.). 

The  mean  averages  for  the  various  hauls  in  deep  water  are  given  in 
the  following  Table : — 


Series. 

Date. 

No.  of 
Fish. 

Size — Mm. 

Apparent 

Growth  in 

Interval  of 

46  Days. 

Range. 

Difference. 

Average 
Size. 

let    . 

31  Aug. -4  Sept. 
16,  19  Oct. 

262 
234 

61-126 
82-148 

66 
66 

88-7 
119-1 

•  •  • 

30-4 

2nd  . 
»» 

3,  4  Sept 
16,  18, 19  Oct. 

88 
895 

210-286 
202-309 

76 
107 

244-7 
262-5 

•  •  • 

17-8 

3rd    . 

>> 

3,  4  Sept. 
16,  18,  19  Oct. 

1906 
1235 

292-438 
809-445 

146 
136 

354 
371-6 

17 '6 

It  will  be  seen  that  the  differences  in  the  average  size  of  the  various 
series  are,  for  those  of  August  and  September,  156*0mm.  between  the 
first  and  the  second,  and  109'dmm.  between  the  second  and  the  third. 
In  those  of  October  the  respective  differences  are  143*4mm.  and 
109 '0mm.  The  very  close  correspondence  between  the  second  and 
third  aeneR  in  the  two  cases  is  remarkable,  and  makes  it  fairly  certain 
that  the  mean  annual  increment  of  growth  between  these  series 
amounts  to  about  109mm.,  or  4|  inches.  The  difference  between  the 
first  and  second  series  can  hardly  be  so  interpreted.  In  one  instance  it 
would  show  an  annual  growth  of  61  inches,  and  in  the  other  instance 
a  git)wth  of  5|-  inches,  both  of  which  are  considerably  higher  than  the 
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corresponding  annual  increments  for  the  fish  caught  in  Aberdeen  Bay 
and  the  Moray  Firth. 

I  append  a  Table  giving  particulars  of  the  9346  haddocks  measured 
in  the  vai*ious  hauls. 


Date. 

Depth. 

No.  of 
Fish. 

Range. 

SiZB. 

Apparent 
Annual  Growth 

Differ- 
ence. 

Average. 

from  preceding 
Series. 

Abcrde«m  Bay. 

ZOct, 
A  Series  . 
B     ,,       . 

13  Ori. 
A  Series  . 
B     „       .        . 
C     ,,       . 

Fms. 
12-14 

8-18 

478 
13 

37 
616 

28 

Mm. 

118-199 
246-303 

130-187 
230-827 
330-423 

Mm. 

81 
57 

57 
97 
98 

Mm. 

169-7 
266-5 

160-3 
281-9 
366-7 

169-8 
281-9 

Inchet. 

«A 
10* 

«A 
"A 

M 

Mm. 

•  •  • 

106-8 

•  •  • 

121-6 
74-8 

Inches. 

•  •  • 

4A 

•  •  • 

2H 

ATeracc* 

A  Series  . 

B     ,,      . 

• 

616 
616 

118-199 
230-827 

81 
97 

6A 
"A 

122-1 

•  •  • 

♦il 

31  Ort. 
A  Series  . 
B     ,,       . 

\Nov. 

A  Series  . 

B      „       .        . 

8-10 
12-16 

127 
26 

[1 
483 

976 

127-205 
264-382 

104 
136222 
232-349 

78 
78 

87 
117 

166-2 
282-4 

104 

170-6 

293-6 

«A 
"1 

4A] 

"A 

116-2 
123-1 

•   a   » 

*A 

ATemce. 

A  Series  . 

B      ,,       . 

1 

610 
1001 

127-222 
232-849 

96 
117 

169-6 
293-8 

"A 

• « > 

123-7 

•  ■  • 

4i 

VJ  Dec. 
A  Series  . 
B     ,,       . 

19/>ec. 
A  Series  . 
B      „       . 

\9Dec. 
A  Series  -. 

6-16 
6-12 
6-8i 

188 
12 

244 
261 

94 

143-211 
260-336 

168-224 
287-845 

148-203 

68 
76 

71 
108 

60 

179-8 
293-2 

186-8 
295-8 

171-0 

7A 
"A 

7A 
"1 

■  •  • 

118-4 
109-0 

*  •  • 

<A 

•  •  • 

•  •  • 

ATcrace. 

A  Series  . 

B     ,,       . 

1 

471 
268 

143-224 
287-846 

81 
108 

181-4 
295-8 

7* 
111 

•  •  • 

118-9 

• 
•  •  • 
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Date. 

1 
Depth. 

No.  of 
Fish. 

Sim. 

Apparent 
Ann^ial  Growth 

Range. 

Differ- 
ence. 

Average. 

from  preceding 
Series. 

1 

Abbroeen  Bat— 
continued. 

Fms. 

1 

Mm. 

Mm. 

Mm. 

Inches. 

Mm. 

Inches. 

• 

18-25  Sept. 

5-16 

-. 

A  Series  . 

15 

12-2-160 

38 

142-1 

5A 

•  •  • 

•  •  • 

JJ     „       .        . 

7 

244-277 

33 

266-7 

104 

124-6 

4HI 

9-18  Oct. 

ia-16 

A  Series  . 

28 

132-183 

51 

158-6 

6J 

... 

•  ■  • 

B     ,,       . 

10 

247-289 

42 

264-6 

lOi 

105-9 

4A 

23,  24  Oct. 

A  Series  . 

08 

131-186 

55 

157-6 

6A 

•  • 

•  •  • 

B      ,,       . 

16 

234-308 

74 

268-8 

lOA 

111-2 

« 

7,  9  f^^^oi'. 

A  Series  . 

15 

138-175 

37 

151-5 

m 

•  • 

... 

B      ,,      . 

3 

253-289 

36 

269-0 

i(H\ 

117-5 

46 

Moray  FIrtk. 

10  Oct. 

25 

A  Series  . 

6 

118-218 

103 

144 

&H 

... 

... 

B     ,,       . 

248 

242-808 

66 

274-8 

lOH 

180-3 

64 

, 

C      ,,       . 

61 

312-408 

78 

868-7 

i*A 

-  89-4 

84 

3i^or.» 

50 

B  Series  . 

187 

236-309 

73 

270-9 

lOH 

•  • « 

•  •  • 

C     ,,       . 

152 

311-406 

94 

840-7 

ISA 

69-8 

2j 

6  Hoc. 

7-11 

A  Series  . 

4 

127-160 

33 

143-2 

68 

•  •• 

•  •  • 

B     ,,       . 

1 

296 

... 

•  •  • 

... 

•  ■  • 

•  ■  • 

c     ,.      .        . 

6 

328-418 

85 

873-5 

i*H 

•  •  • 

•  •  • 

• 

8  Noc.f 

35 

1 

A  Series  . 

21     141-209 

68 

163-2 

«A 

... 

■  •  ■ 

B      „       .        . 

298 

229-312 

83 

266-0 

lOA 

102-8 

4A 

\j      ,f       .        , 

29 

315-359 

44 

335-1 

13A 

69-1 

2i 

5-7  Noc.t 

8-12 

B  Series  . 

19 

260-305 

66 

280-0 

11 

•  •  a 

•  •  • 

C     ,,       . 

108 

314-405 

91 

343  9 

13A 

63-9 

24 

Aor. 

•  ■  • 

•  •  • 

... 

1 

•  •  • 

a  •  • 

•  •  • 

•  ■  • 

Avcmi^. 

A  Series  . 

27 

127-209 

82 

159-3 

«i 

•  •  • 

•  •  • 

B     ,,       . 

506 

229-812 

83 

268-4 

lOA 

109-1 

4A 

C     ,,       . 

296 

811-413 

102 

842-0 

ISA 

73-6 

2} 

D     „       .        . 

•  •  ■ 

•  •  • 

•  •  • 

%  •  • 

\ 

\    - 

\      «•«     \      »»• 

\ 

♦  OtUr-tnwU 


t  Ordinary  Otter-\3nLir\. 


X  0^«c\A3G^^ 
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Date. 

Depth. 

No.  of 
Fish. 

SiZB. 

Apparent 
Anniift,!  Orowth 

Range. 

Diflfer- 
ence. 

Arerage. 

from  preceding 
Series. 

De«p  Water. 

Fms. 

Mm. 

Mm. 

Mm. 

Inches. 

Mm.      Inches. 

31  Aug,'' 

62 

A  iSeries  . 

67 

68-126 

58 

93-4 

m 

• .  • 

•  •  • 

B     ,,       . 

19 

148-252 

102 

210-1 

H 

1 

•  •  ■ 

iSep(, 

62i 

1 

A  Series  . 

195 

61-120 

59 

87-1 

3A 

•  •  •             '             ■  •  • 

tB     „       .        . 

17 

222-273 

51 

251 

9i 

1 

t 
•  ■  ■                          •  ■  • 

fC     „       . 

360 

292-438 

146 

360 

13A'. 

99    i   ^ 

3«S^^ 

65 

( 

fBSerie    . 

71 

210-286 

76 

243 

9| 

1 
...           1           ... 

fC     „       . 

1546 

292-438 

146 

354-8 

ISA". 

117-8 

n 

Aug,- Sept, 

Averaces. 

A  Series  . 

262 

61-126 

65 

88-7 

3i 

•  •  • 

•  mm 

JB     „       . 

88 

210-286 

76 

244-7 

»l 

[156 

6J] 

C     ,,       . 

1906 

292438 

146 

354-0 

18,V. 

109-3 

♦A 

16  Oct. 

65 

1 
! 

A  Series  . 

72 

84-145 

61 

125-9 

m 

•  •  •                          •  •  • 

C 

184 

202-309 

107 

257-5 

m 

131-6         5  A 

D     „       .        . 

318 

310-439 

129 

381-9 

15 

124-4 

*l 

19  Oct. 

60 

A  Series  . 

162 

82-148 

ae 

116-1 

4A 

•  •  • 

•  •  • 

B     „       .        . 

1 

167 

•  •• 

•  •  • 

•  •  • 

1 

•  •  •                        •  •  • 

C     ,,       . 

181 

218-309 

91 

265-8 

lOA 

149-2          5| 

D     „       .        . 

145 

310-444 

134 

361-3 

14A 

96 

3i 

IB  Oct.% 

C  Series  . 

580 

222-308 

86 

263-5 

lOi 

• 

... 

D     „       .        . 

772 

309-445 

136 

369-5 

14i      !    106-6          4i 

i 

Oct, 

Aveniseii. 

A  Series  . 

234 

82-148 

66 

1191 

4ii 

■  ■  ■            )            •  •  • 

j 

C     ,,       . 

895 

202-309 

107 

262-5 

lOA 

143-4          58 

D     „       .        . 

1235 

309-445 

136 

371-5 

148 

109-0    i      4  A 

♦  Fish  in  si 

axall-mesl 
31st  Aug! 
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SUMMARY. 

The  haddock  spawns  somewhat  earlier  than  the  cod  and  considerably 
earlier  than  the  whiting.  In  the  inquiry  made  some  years  ago  as  to  its 
spawning  season,  it  was  found  that  the  greater  number  spawned  from 
towards  the  end  of  February  to  the  end  of  March.  Some  were  found 
ripe  early  in  January,  and  a  few  as  late  as  the  beginning  of  May.*  Eggs, 
identified  as  those  of  the  haddock,  have  been  described  as  taken  in  tow-nets 
from  8th  February  to  early  in  June;t  but  considering  the  difficulty  of 
differentiating  them  from  cod  eggs  in  the  preserved  condition,  and  the 
small  number  (four)  found  in  June,  the  latter  part  of  the  statement  must 
be  received  with  reserve.  According  to  Cunningham,  the  haddock  spawns 
in  the  North  Sea  in  February,  March,  and  April,  especially  in  March.t 
Holt  also  found  that  it  spawned  on  the  west  coast  of  Ireland  chiefly  in 
March  and  April.  § 

The  temperature  of  the  sea  at  the  surface  on  the  East  Coast  is  about 
41*  F.  in  February,  40**  in  March,  43-5"  in  April,  and  46*5'  in  May,  and 
according  to  the  experiments  of  Mr.  Dannevig  on  the  rate  of  development 
of  haddock  eggs  under  different  temperatures,  ||  the  duration  of  hatching 
in  these  various  months  wluld  be  about  19  or  20  days  in  February,  17J^ 
in  March,  15^  in  April,  and  13  in  May.  It  is  probable,  therefore, 
that  the  majority  of  the  larval  haddocks  emerge  from  the  egg  in  the  early 
part  of  April. 

Information  as  to  the  post-larval  and  young  haddock  is  still  somewhat 
scanty.  In  Christ iania  Fjord,  Collett  found  them  ranging  from  40mm.  to 
50mm.  long  in  Juno  (1 4th),  and  they  were  found  at  Spitzbergen  in 
September  about  35mm.  in  length.^  M*Intosh  states  that  they  were 
taken  in  great  numbers  in  the  midwater  net,  25  to  30  miles  east-by-south 
of  May  Island,  and  near  the  "  Long  Forties,"  in  the  first  weeks  of  July, 
ranging  in  length  frpm  24  to  80  mm.**  They  were  also  found  in  July  in 
the  deep  water  of  the  Moray  Firth,  ranging  about  one  inch  in  length. ft 
Holt  has  recorded  a  post-larval  haddock  from  the  Faeroe-Shetland  Channel 
at  the  end  of  July  or  beginning  of  August.tt 

The  smallest  haddocks  obtained  by  me  during  this  investigation  were 
those  caught  in  the  deep-water  hauls  on  31st  August  and  4th  September, 
and  they  ranged  from  61mm.  (2|  inches)  to  126mm.  (4}^  inches),  the 
average  length  being  88*7mm.,  or  3^  inches.  They  were  dearly  the 
brood  of  the  year,  and  the  majority  were  probably  hatched  in  April.  In 
October,  at  another  place,  about  50  miles  westward,  they  ranged  from 
82  to  148  mm. — that  is,  up  to  5}  J  inches — the  average  being  4|^  inches, 
and  they  were  probably  about  six  months  old.  The  difference  between 
the  averages  was  30*3mm.,  or  1^  inches,  and  presuming  the  last  two  lots 
were  comparablu,  this  would  represent  the  mean  increase  in  length  in  the 
44  or  46  days  that  intervened.  It  is,  however,  to  bo  noticed  that  in 
both  months  the  hauls  which  contained  the  larger  number  of  young 
haddocks  had  the  lowest  average  (via.,  4th  September,  19th  October),  and 
it  is  probable  that  numbers  of  the  smaller  individuals  escaped  through 

*  Tenth  Awn,  Rep,  Fitk.  Board, for  Scot,,  Part  iii.,  p.  233. 

f  Masterman,  op,  cit,.  Fifteenth  Rep,,  Part  iii.,  p.  225. 

XJour.  Mar,  Biol,  Assoc.,  ii.,  859. 

§  R,  Dvb.  Soc,  Rep,  Council,  p.  249  (1892). 

II  TUHeenth  Ann,  Rep,,  Part  iii.,  149. 

%  Scandinavian  Fishes,  i.,  p.     . 

** Fifteenth  Ann,  Rep.  F.  B.JorSeot,,  Part  Hi.,  p.  198, 

W  Eighth  Ann,  Rep.,  ibid.,  174. 

ttP»^.  ^ool,  »Soc,  1900. 
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the  meshes  of  the  net.  This  wouH  cause  the  average  for  each  lot  to  be 
unduly  high  ;  hut  it  would  not  materially  affect  the  difference  between  the 
means  for  the  two  periods.  Thus,  in  the  hauls  which  had  the  fewest 
young  haddocks  (31st  August,  16th  October),  the  difference  between  the 
averages  is  32 '5mm. 

When,  however,  the  result  of  the  investigation  in  the  inshore  waters  of 
Aberdeen  Bay  and  the  Moray  Firth  are  considered,  we  find  a  contrast  to 
those  referred  to  in  the  deep  water.  In  Aberdeen  Bay,  for  example,  on 
18-25th  September  the  young  haddocks  caught  averaged  142'lmm.,  or 
over  5^  inches  in  length,  some  being  6|  inchea  In  October  the  average 
sixe  in  various  hauls  was  159*7,  160*3,  166*2,  158*6,  157*6  mm.,  or  from 
6|  to  6^  inches  ;  and  some  of  those  belonging  to  the  same  series  were  as 
large  as  7-f  |  inches,  while  the  smallest  was  4:|  inches.  The  difference 
between  the  average  size  of  those  taken  in  the  deep  water  and  those  taken 
in  Aberdeen  Bay  about  the  same  time  was  thus  over  40mm.,  or  more 
than  li^  inches. 

The  differences  in  size  between  the  annual  groups  or  generations  may 
now  be  considered.  The  differences  between  the  average  size  of  the  first 
and  second  series  in  the  cases  where  l>oth  are  represented,  or,  in  other 
words,  the  apparent  annual  increment  of  growth,  are  as  follows : — 


1 

No.  of  Fiah. 

Apparent  Annual 

Ist  Series. 

2nd  Series. 

Growth. 

Mm. 

Inches. 

18  October   . 

37 

516 

121*6 

41 

8  and  18  October 

515 

516 

122  1 

4« 

31  October   . 

127 

25 

116'2 

4A 

1  November 

483 

976 

123  1 

*i 

17  December 

188 

12 

118-4 

4A 

19 

244 

251 

109-0 

4A 

17-19    „ 

471 

268 

113-8 

i-h 

18-25  September  . 

15 

7 

124*6 

m 

9-18  October 

28 

10 

105-9 

4A 

28-24        „ 

68 

16 

111-2 

48 

7-9  November 

15 

3 

117*5 

4i 

10  October    . 

6 

259 

132*3 

5A 

8  November 

21 

298 

102*9 

4A 

It  will  be  observed  from  these  figures  that  while  there  is  a  difference 
between  the  apparent  yearly  growth,  amounting  in  the  two  extreme  cases 
to  slightly  over  an  inch,  the  agreement  is  on  the  whole  very  considerable. 
In  the  exceptional  case  where  the  growth  appears  to  be  b-^  inches,  the 
number  of  fishes  in  the  first  series  was  only  6.  If  this  example  be 
excluded,  the  difference  is  very  considerably  reduced.     The  growth  of  the 
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haddock,  therefore,  between  the  first  and  second  series  in  the  course  of  a 
year  may  be  placed  at  about  4|  inche& 

The  second  series — as  represented  in  Aberdeen  Bay  in  hauls  from  8th 
October  to  Ist  November,  comprising  1001  haddocks — ranged  in  size 
from  232mm.,  or  9j(  inches,  to  349mm.,  or  13|  inches,  the  average  size 
being  293'3mm.,  or  11-j^  inches.  .  In  December  this  group  (comprising 
263  fishes)  had  almost  tlie  same  range  and  average  size  (11§  inches).  In 
the  Moray  Firth  in  October  and  November  the  average  size  was  less,  viz., 
266  to  276*3  mm.,  or  10|}  to  lOg  inches,  the  number  of  fishes  comprised 
being  722. 

The  next  series  was  scarcely  represented  in  the  hauls  in  Aberdeen  Bay. 
In  the  Moray  Firth  on  3rd  November  they  ranged  from  302  to  399  mm., 
with  an  average  size  of  337*7mm.,  or  \^^^  inches.  Haddocks  of  this 
series  were  most  abundant  on  the  deep-water  grounds  both  at  the  begin- 
ning of  September  and  the  middle  of  October.  On  3rd  and  4th  Septem- 
ber 1906  were  measured,  and  they  ranged  from  11|  to  17^  inches,  with  a 
calculated  average  size  of  354mm.,  or  14  inches.  On  16-1 9th  October 
1235  were  measured.  They  ranged  from  309mm.,  or  a  little  over  12 
inches,  to  445mm.  or  17^  inches,  the  average  size  being  371*5mm.,  or  14§ 
inches. 

When  the  mean  sizes  of  this  and  the  previous  series  are  contrasted,  the 
difiference,  or  the  apparent  annual  increment  of  growth,  varies  in  different 
hauls  as  follows,  the  first  referring  to  the  Moray  Firth  an9'  the  others  to 
the  deep-water  grounds. 


No.  of  Fish. 

Apparent  Annual 
Growth. 

2ud  Series. 

8rdSerie& 

Mm. 

Inches. 

8  November 

175 

163 

69-2 

2i 

8  September 

71 

1646 

111-8 

<8 

4          „ 

17 

860 

109  0 

*i^ 

16  October   . 

184 

818 

124-4 

4| 

18        „       .        .        . 

580 

772 

106-0 

4A 

19        „       .        .        . 

181 

145 

• 

96-0 

m 

The  annual  increment  of  growth  is  thus  slightly  lower  than  between  the 
first  and  second  series,  and  in  the  best  examples  (16th  and  18th  October) 
is  slightly  under  4|}  inches. 

The  female  haddock  may  reach  maturity  when  about  twelve  or  thirteen 
inches  in  length,  and  the  male  when  somewhat  smaller,  but  the 
majority  probably  do  not  spawn  until  they  are  somewhat  larger. 
The  second  series,  with  the  sizes  in  October  above  referred  to,  would 
therefore  take  little  part  in  the  spawning  in  the  following  spring, 
although  many  of  them  would  no  doubt  do  so.  The  great  spawning 
shoals  are  composed  of  the  third  series.  The  first  series,  repre- 
sented ill  Aberdeen  Bay  in  October  with  an  average  size  of  about  6  ^^ 
inches  and  ranging  from  4^  to  8|  inches,  are  the  fish  of  the  year,  and  are 
then  about  7  or  8  mouths  old.     The  next  series  is  about  1  year  and  7 
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months  old,  with  an  average  size  of  11^  inches  and  a  range  up  to  13| 
inches ;  and  the  third  series  is  about  2  years  and  7  months  old,  with  an 
average  size  of  13^  or  14  inches  and  a  range  up  to  17^  inches. 

It  thus  appears  that  some  haddocks  may  spawn  when  about  2  years  of 
age,  and  that  the  great  majority  do  not  do  so  until  they  are  3  years  old. 


THE  COD  {Gadua  ecdlarias,  Z.). 


I.  Hauls  in  Aberdeen  Bat. 


A  considerable  number  of  cod  got  in  the  hauls  made  in  Aberdeen 
Bay  by  the  trawlers  "  Star  of  Hope  "  and  "  St.  Andrew  "  and  by  the 
"  Garland "  in  September,  October,  November,  and  December  were 
measured. 

On  8th  October  a  haul  (I.)  of  the  "  Star  of  Hope,  with  the  small- 
meshed  net  around  the  cod-end,  in  12  to  14  fathoms,  pelded  49  cod; 
another  (II.)  by  the  St.  Andrew,"  on  3l8t  October,  in  8-10  fathoms, 
yielded  201  cod;  a  haul  (III.)  on  the  next  day,  in  12-15  fathoms, 
yielded  82,  and  a  haul  (IV.)  on  9th  November,  in  9  fathoms,  yielded 
41.  In  this  case  35  of  the  fish  were  above  27  inches  in  length,  and 
are  at  present  not  dealt  with,  but  the  measurements  of  the  others 
in  centimetre  groupings  are  as  follows.  The  hauls  are  numbered 
consecutively. 


I 

!    Haul. 

8' 

4 

9 

10 

10 

7 

11 

6 

12 

3 

18 

I 

14 

4 

15 

3 

16 

17 

18 

•      • 

I. 

4 

•     • 

II. 

1 

2 

19 

43 

46 

38 

16 

12 

5 

8 

4 

2 

III. 

6 

7 

12 

18 

15 

2 

4 

4 

4 

1 

•   • 

IV. 

1 

1 

3 

•   • 

•   • 

1 

•   • 

•   • 

•   • 

•   • 

•   • 

Haul. 

10 

1 

20 

•  • 

21 

•  • 

22 

1 

28 

24 

25 

26 

27 

1 

28 

29 

I. 

•     • 

2 

1 

•     • 

•     « 

1 

II. 

. . 

•  • 

•  • 

•     • 

•     • 

•   • 

•     • 

1 

•     • 

1 

•     • 

III. 

.  • 

•  • 

1 

1 

•     • 

1 

•     • 

1 

2 

•     • 

3 

IV. 

. . 

•  • 

•  • 

•     • 

•     • 

•   • 

t     • 

•     • 

• . 

•     • 

•     m 
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Haul. 

80 

•  • 

81 

•  • 

82 

•  ■ 

88 

■  • 

84 

•  • 

85 

•  • 

86 

87 

88 

•  • 

89 

•   • 

40 

•  • 

I. 

•  • 

•  • 

II. 

•  • 

1 

1 

»   • 

•  • 

•   • 

•   • 

•  • 

•  • 

•  • 

HI. 

•   • 

•  • 

1 

■  • 

•   • 

•  • 

•  • 

•  « 

•  • 

•  • 

•   • 

IV. 

•   • 

•  • 

•  • 

• 

•  • 

•  • 

•   • 

•  • 

•  • 

•  • 

•  • 

Haul. 

41 

•  • 

42 

48 

44 

•   • 

45 

•  • 

46 

•  • 

47 

•  • 

48 

•  • 

49 

•  • 

50 

•  • 

51 

i 

•  • 

I. 

1 

■  t    1    •  • 

II. 

•  • 

•  t 

•  ■ 

•  • 

•  • 

•  • 

1 

•  • 

1 

•  • 

•    B 

III. 

•  • 

•  • 

•  • 

•  • 

•  • 

•   •  • 

•  • 

•  ■ 

•  • 

•   • 

•    • 

IV. 

«  • 

•  • 

•   • 
1 

•  • 

•  ■ 

•  • 

•  • 

•  • 

• 

1 

1 

The  Table  shows  the  exifitence  of  three  series,  and,  as  stated  above, 
in  the  haul  on  9th  November  35  cod  were  taken  measuring  from 
27  to  40^  inches  (about  68*5  to  102*9  cm.)  and  belonging  to  oldei* 
groups. 

In  the  haul  of  8th  October  the  first  series  contained  42  cod  from 
80  to  166  mm.,  with  a  range  of  86mm.  and  an  average  size  of  116'5mm., 
or  4c  ^  inches.  The  other  7  fish  ranged  from  199  to  291  mm.,  with 
an  average  size  of  247 '3mm.,  or  9|  inches. 

In  the  haul  of  31st  October  the  nrst  series  comprised  195  cod  from 
88  to  183  mm.,  with  a  range  of  95mm.  and  an  average  size  of 
120'4mm.,  or  4|  inches.  Other  four  range  from  263  to  329  mm.,  and 
two  measured  472  and  493  mm.,  and  belong  to  a  third  series.  The 
first  series  in  the  haul  of  Ist  November  contained  73  cod  from  83  to 
172  mm.,  the  range  being  89mm,  and  the  average  size  118'5mm.,  or 
nearly  4^  inches.  The  other  9  ranged  from  216  to  325  mm.,  the 
average  size  being  275'8mm. 

These  two  hauls,  made  on  successive  days,  may  be  combined,  and 
then  the  268  fish  of  the  first  series  have  an  average  size  of  119'9mm., 
or  a  little  over  4^  inches,  the  range  being  from  83mm.  (3|  inches)  to 
183mm.  (7^  inches),  with  a  difiference  of  100mm.,  or  3J^  inches. 

The  small  cod  caught  in  the  haul  of  9th  November  were  six,  ranging 
from  87  to  131  mm.,  with  an  average  size  of  105*5mm.,  or  4-^  inches. 

A  number  of  similar  hauls  were  made  by  the  **  Star  of  Hope  "  in 
December,  viz. — I.  on  17th,  in  8-15  fathoms;  II.  on  18th,  in  8 
fathoms;  III.  on  19th,  in  5-12  fathoms;  IV.,  also  on  19th,  in  6-8 
fathoms;  and  V.  on  21st,  in  7  fathoms  and  less.  The  measurements 
of  the  c6d  secured  in  these  hauls  are  arranged  in  centimetre  groups 
in    the  following  Table: — 
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Hauls. 

6 

7 

8 

9 

10 

11 

12 

I. 

•  • 

■  • 

•     • 

3 

4 

10 

11. 

•  • 

7 

22 

12 

2 

•    • 

III. 

5 

35 

39 

31 

16 

9 

IV. 

1 

4 

10 

4 

1 

•   • 

V. 

•   • 

3 

32 

30 

23 

10 

Totals, 

•  • 

6 

49 

103 

• 

«0 

46 

29 

Hauls. 

18 

11 

14 

15 

16 

17 

18 

19 

I. 

7 

1 

2 

■  • 

•     • 

11. 

•     • 

•    • 

•  • 

•       • 

•  • 

•     • 

III. 

8 

7 

3 

•      • 

1  . 

1 

IV. 

•    • 

■   • 

•   • 

•       • 

•  • 

•     • 

V. 

9 

1 

3 

1 

1 

1 

Totals, 

28 

16 

1 

3 

2 

1 

«  • 

The  38  cod  caught  on  the  17th  belonged  to  the  first  series,  and 
measured  from  106  to  162  mm.,  with  a  range  of  56mm.  and  an  average 
size  of  131*  1mm.,  or  nearly  5^^  inches.  No  second  series  was 
represented. 

In  the  hard  on  18th  the  first  series  comprised  43  cod  from  82  to 
119  mm.,  with  a  range  of  37mm.,  and  an  average  size  of  only  97*2mm., 
or  3} I  inches. 

In  the  fijrst  haul  on  19th  155  cod  were  taken,  all  belonging  to  the 
same  series,  and  measuring  from  75  to  183  mm.,  with  a  range  of 
110mm.  and  an  average  size  of  103'8mm.,  or  4^  inches.  In  the 
second  haul  on  the  same  day  the  20  cod  taken  ranged  from  79  to 
111  mm.,  and  had  an  average  size  of  only  93*8mm.,  or  about  3}^ 
i  nches. 

In  the  haul  on  21st  114  cod  were  caught,  ranging  in  size  from  84  to 
188  mm.,  with  a  difiference  of  104mm.  and  an  average  size  of 
lll*7mm.,  or  4f  inches. 

The  averages,  it  will  be  seen,  vary  considerably,  and  since  only  four 
days  elapsed  between  the  hauls  they  may  be  combined  as  follows: — 


No.  of  Fish, 
370 


Range,         Difference, 
75-188  mm.      113mm. 


Average  Size, 
107-7mm. 


The  young  cod  of  this  series  in  Aberdeen  Bay,  in  December,  would 
therefore  appear  to  vary  in  size  from  about  2}|^  inches  to  1^  inchea, 
with  an  average  size  of  4|  inches. 
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But  we  have  already  seen  that  in  October  in  Aberdeen  Bay  the 
average  dze  was  still  greater  (p.  215).  Only  in  one  of  the  December 
hauls  (17th)  was  the  average  higher.  This  is  probably  accounted  for 
by  the  departure  of  the  larger  individuals  of  the  series  as  the  tem- 
perature falls  in  the  inshore  waters,  which  would  likewise  explain  the 
absence  of  the  next  or  second  series  at  this  time.  It  is  also  partly  due 
to  the  circumstance  that  the  October  hauls  extended  into  deeper  water, 
the  deepest  hauls  as  a  nile  giving  the  largest  average  size. 

In  order  to  determine  such  problems  a  number  of  hauls  were  made 
by  the  "  Garland "  with  a  fine-meshed  shrimp-trawl  (|-inch  mesh) 
along  lines  parallel  with  the  shore  at  various  depths  and  distances. 
The  inefficiency  of  this  vessel,  however,  rendered  the  observations  of 
comparatively  little  value,  veiy  few  codling  being  caught. 

In  the  Table  below,  the  measurements  o)  the  cod  are  arranged  in 
centimetre  groups. 


Haul. 

5 

6 

•  • 

1 

•  • 

•  • 

•  • 

7 

1 

•     ■ 

2 
1 

8 

1 

3 

3 

10 

8 

9 

•  • 

1 

2 
7 

•  • 

10 

11 

12 

1 

•  • 

•  • 

1 

•  • 

18 

14 

I. 

II. 
III. 
IV. 

V. 

•    • 

1 
4 
5 
4 

•  • 

•  • 

•  • 

1 
1 

•  • 

•  • 

1 

•  • 

•  • 

Haul. 

16 

16 

17 

18 

10 

20 

• . 
1 

•  • 

•  • 

•  • 

21 

I 
1 

•  • 

1 

•  • 

22 

28 

24 

I. 

II. 
III. 
IV. 

V. 

•  • 

•  • 

1 

•  • 

1 

•  • 

•  • 

•  • 

2 

•  * 
1 

•   « 

•  • 

•  • 

2 

•  • 

•  • 

Haul. 

26 

26 

27 

28 

•  • 

•  • 

•  • 

3 
2 

29 

•  • 

2 
2 

•  • 

1 

80 

81 

82 

88 

84 

I. 

II. 
III. 
IV. 

V. 

•  • 

•  • 

1 

•  • 

•  • 

3 

1 

•   • 

2 

1 

4 

■   • 
•   • 

2 

•  • 

•  • 

1 

•  • 

•  • 

•  • 

•  • 

1 

•  • 

1 

•  • 

•  • 

1 

•  • 

•  • 
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in  a  haul  (I.)  in  5-5|  fathoms,  on  21st  September,  4  codlings  were 
taken  which  measured  82,  124,  217,  and  273  mm.  respectiyelj.  Three 
hauls  on  22nd  September  in  10-15  fathoms,  and  three  on  25th  in 
23-27  fathoms,  yielded  21  young  cod  (II.),  and  of  the  six  got  in  the 
deeper  water  five  measured  from  68  to  86  mm.  Of  the  lot  9  measured 
from  68  to  124  mm.,  with  an  average  of  88'6mm. ;  16  measured  from 
209  to  296  mm.,  with  an  average  of  255'5mm.  On  9th  October,  of  20 
taken  in  from  12  to  16  fathoms  (III.))  11  belonged  to  a  first  series, 
ranging  from  83  to  157  mm.,  and  with  an  average  size  of  105'Omm. ; 
9  ranged  from  245  to  337  mm.,  with  an  average  of  286'2mm.  On  13th 
October,  of  31  taken  in  five  hauls,  in  from  12-15  fathoms  (IV.),  26 
ranged  from  72  to  121  mm.,  with  an  average  size  of  only  92* 9mm. ;  the 
other  ^ve  varied  from  219  to  284  mm.,  the  average  being  260'8mm. 

On  23rd  October,  20  cod  were  captured  in  from  36 j|  to  49  fathoms 
(V.),  of  which  14  ranged  from  77  to  112  mm.,  with  an  average  of 
9r6mm. ;  5  ranged  from  272  to  320  mm.,  and,  combined  with  three 
codlings  taken  the  next  day  in  60  fathoms  (ranging  from  264-275  mm.), 
gave  an  average  size  of  282 '0mm.  There  was  also  one  at  450mm.,  which 
is  omitted  from  the  above  Table. 

It  will  be  observed  from  the  above  that  quite  small  codling  were  occa- 
sionally obtained  in  water  23-27  and  36||-49  fathoms  deep. 

The  above  measurements  may  be  combined  to  some  extent  as 
follows : — 

No.     Range,    Difference,   Average 


• 

mm. 

mm. 

Size,  mm. 

21,  22  Sept., 

Ist   Series 

'     9 

68-124 

56 

88-6 

9-23  Oct., 

»        >> 

-  51 

72-157 

85 

95-2 

Sept., 

2nd  Series 

-  16 

209-296 

87 

255-5 

Oct., 

»         )> 

-  22 

219-337 

118 

278-9 

The  combination  of  all  the  hauls  gives  an  average  size  for  the  first 
series  of  94*  1mm.,  or  3|  inches,  and  for  the  second  series  269mm.,  or 
10|  inches,  apparently  indicating  an  annual  increment  of  growth  of 
174*9mm.,  or  6|^  inches,  which  is  probably  too  much.  Owing-  to  the 
absence  of  the  second  series  in  the  December  hauls  of  the  trawlers,  a 
similar  comparison  cannot  be  made  with  them,  but  in  the  October  hauls 
the  differences  between  the  averages  of  the  two  series  were,  respectively, 
130*8,  175*8,  and  157*3  mm.,  the  mean  for  the  latter  two  being  162'lmm. 
In  all  instances  the  numbers  in  the  second  series  were  small. 

(2).  Hauls  in  the  Moray  Firth, 

The  cod  caught  in  hauls  made  in  the  Moray  Firth  by  the  '*  Garland  " 
in  May,  June,  November,  December,  and  January,  and  by  trawlers  in 
October,  November,  and  December,  were  also  dealt  with.  Hauls  were 
made  with  shrimp-net  as  follows : — I.,  25th  May,  Dornoch  Firth, 
4  fathoms.  II.,  9th  June,  Cromarty  Firth,  1-3  fathoms.  III.,  19th 
June,  Dornoch  Firth,  1-3  fathoms.  IV.,  11th  November,  Cromarty 
Firth,  8-9  fathoms.  V.,  11th  November,  outside  Cromarty  Firth, 
12  fathoms.  VI.,  24th  December,  Dornoch  Firth,  10  fathoms.  VII., 
10th  January,  Cromarty  Krth,  6-7  fathoms.  The  cod  got  in  two  hauls 
of  the  ordinary  trawl-net  were  also  measured,  viz.,  VIII.,  9th  June, 
Cromarty  Firth,  8-10  fathoms.  IX.,  50th  November,  Cromarty  Firth, 
7  j-8  fathoms. 

The  measurements  are  grouped  in  centimetres  as  follows  ;  -* 
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2 

•  • 

8 

4 

6 

6 

7 

8 

•    • 

9 

•    • 

10 

11 

12 

1 

18 

14 

I. 

•     • 

•  • 

.  . 

•       • 

1 

•     • 

II. 

•  • 

8 

7 

•  t 

•    • 

•    • 

•  • 

•       • 

•  . 

•    • 

•     • 

III. 

3 

27 

30 

2 

•    • 

t    • 

•       • 

•  • 

■     • 

•     • 

JV. 

.  • 

•   • 

1 

•    • 

•  . 

•       • 

■  • 

•     • 

3 

V 

. . 

•   • 

2 

4 

1 

1 

1 

2 

«   « 

V[. 

.  * 

•  • 

1 

•  • 

2 

2 

2 

1 

1 

VII. 

* . 

•  • 

2 

1 

1 

•  • 

3 

2 

2 

VIII. 

• . 

•   • 

•   • 

•   • 

•   • 

•  • 

.  • 

•  • 

1 

IX. 

« . 

•   • 

1 

•   • 

1 

2 

1 

1 

. . 

3 

16 

1 

16 

17 

18 

19 

20 

21 

22 

28 

24 

26 

26 

27 

•  • 

I. 

1 

1 

« 

•  . 

11. 

•     • 

•    • 

•    • 

.  . 

•  • 

ILF. 

•     • 

•     • 

•    • 

.  . 

•  • 

IV. 

1 

•     • 

1 

1 

•  • 

V. 

•     • 

•     • 

.  • 

.  •  • 

.  . 

•  ■ 

VI. 

1 

1 

•  • 

1 

•  • 

1 

•  • 

VII. 

2 

1 

1 

3 

2 

.  • 

•  • 

1 

1 

2 

VIIL 

1 

2 

5 

2 

3 

1 

3 

2 

1 

1 

•     • 

2 

. . 

IX. 

4 

3 

4 

3 

4 

1 

•      • 

1 

•     • 

1 

2 

•   • 

1 

1 

28 

1 

29 

80 

3 

81 

82 

88 

2 

84 

1 

85 

2 

86 

87 

•  • 

88 

89 

•  • 

40 

■     • 

VII. 

1 

3 

2 

2 

VIIL* 

•  • 

•  • 

1 

•  • 

.  • 

.  • 

•  • 

•  * 

.  • 

•  • 

1 

.  . 

•     • 

•1 

[nthis 

haul  < 

>f9Ui. 

June  t 

here  m 

'as  one 

cod  41 

Mmm. 

On  26th  May  the  five  cod  caught  in  the  small-meshed  net  in  4  fathoms 
varied  from  120  to  170  mm.,  with  an  average  size  of  148'6mm.y  or 
5^  inches.  They  were  ohviouslj  fish  spawned  in  the  previous  year.  Those 
01  1900  were,  at  this  date,  represented  by  a  single  specimen  34mm. 
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long,  got  in  a  few  feet  of  water  in  the  Dornoch  Firth.  On  9th  June  a 
ha\d  with  a  small  shrimp-net,  in  1-3  fathoms,  caught  15  cod,  from 
31  to  48  mm.,  with  an  average  size  of  39'7mm.,  or  1,^  inches.  A  haul 
with  the  ordinary  net  (VIII.)  in  8-10  fathoms,  on  the  same  day,  gave 
27  cod,  of  which  24,  ranging  in  size  from  141  to  268  mm.,  appear  to 
belong  to  one  series,  with  an  average  size  of  197*8mm.,  or  7Jf  inches. 
The  difierence  between  the  largest  and  the  smallest  in  this  group  is 
127mm.,  or  a  little  over  5  inches.  There  was  another  specimen  at 
302mm.,  which  probably  belongs  to  a  third  series ;  if  included  it  would 
extend  the  range  to  161mm.,  or  5|^  inches. 

On  19th  June  a  haul  (III.)  in  1-3  fathoms  yielded  62  cod,  measuring 
from  26mm.,  or  1  inch,  to  51mm.,  or  2  inches,  the  range  thus  being 
25mm.,  and  the  average  size  was  39'6mm.,  or  1  ^^  inches,  the  same  as  on 
9th  June. 

On  11th  November  a  haul  (IV.)  in  8-9  fathoms,  and  another  in  12 
fathoms  (V.),  gave  18  cod  ;  17  measured  from  82  to  170  mm.,  and 
probably  belong  to  the  same  group,  the  average  size  being  116*4mm.,  or 
about  4^^^  inches.     The  other  measured  232mm. 

On  30th  November  a  haul  (IX.)  in  7^-8  fathoms  yielded  33  cod,  of 
which  28  apparently  belonged  to  one  series,  ranging  from  78  to  200  mm., 
with  a  difference  of  122mm.  and  an  average  size  of  156 '5mm.,  or  about 
6i^  inches.  This  haul,  however,  was  made  with  the  ordinary  trawl, 
and  many  of  the  smaller  fishes  would  escape.  The  average  is  therefore 
no  doubt  too  high. 

On  24th  December,  in  10  fathoms  (VI.),  12  cod  were  taken  ranging 
from  83  to  187  mm.,  with  an  average  size  of  130* 7mm.,  or  5^  indies. 
There  was  another  at  240mm. 

On  10th  January,  in  6-7  fathoms  (VII.),  41  cod  were  taken,  of  which 
21  measured  from  84  to  197  mm.,  with  a  range  of  113mm.,  and  an 
average  size  of  142 '1mm.,  or  5|  inches.  The  presence  in  January  of 
cod  so  small  as  84nmi.,  or  about  3^^  inches,  in  length  is  interesting ; 
the  next  was  89mm.,  and  another  was  91mm.  k.  second  series  was 
composed  of  20  fishes,  from  255  to  355  mm.,  with  a  range  of  100mm. 
and  an  average  size  of  307'6nmi.,  or  about  12^  inches. 

In  these  hauls  of  the  *'  Garland  '^  the  numbers  are  too  small  to  allow 
of  much  stress  being  laid  upon  the  averages.  The  brood  spawned  in  the 
spring  ranged  from  26  to  51  mm.  in  June,  with  an  average  size  of 
39 '6mm.  In  November  the  mean  average  of  the  two  hauls,  on  11th 
and  30th,  comprising  45  fishes  of  this  series,  was  144'5mm.,  or 
104  9mm.  (4^  inches)  greater,  and  this  would  represent  the  amount  of 
growth  in  the  five  intervening  summer  and  autunm  months.  For  the 
reason  above  stated,  the  average  of  this  series  in  the  haul  of  30th 
November  is  too  high.  The  average  of  the  haul  on  11th  November 
(116*4)  is  probably  nearer  the  truth,  and  it  would  represent  a  growth 
of  76'8mm.,  or  3  inches,  in  the  period,  or  about  '5mm.  daily.  The 
mean  average  of  the  two  hauls  on  24th  December  and  10th  January  is 
138*0mm.,  which  would  represent  a  growth  from  June  of  98'4mm.,  or 
3^  inches,  in  the  six  and  a  half  months,  and  of  21 '6,  or  about  |-  of  an 
inch,  in  the  seven  and  a  half  weeks  from  11th  November. 

From  the  paucity  or  absence  of  the  second  series  in  most  of  the 
hauls,  strict  comparison  of  the  averages  in  this  case  is  also  a  little 
doubtful.  Those  of  the  hauls  of  9th  June  and  January  10th  show  an 
apparent  growth  in  the  seven  months  of  109  •8mm.,  or  4§  inches.  Com- 
parison between  the  fijrst  and  second  series  shows  an  apparent  growth 
for  the  whole  year  in  the  June  series  of  158'lmm.,  or  about  6|  inches  ; 
and  in  the  January  series  of  165'5mm.,  or  6jJ  inches.  This  agrees  very 
closely  with  the  yearly  amount  of  growth  deduced  from  the  hauls  in 
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Aberdeen  Bay  in  October  and  November,  the  me&n  of  which  was 
162'] mm.,  of  6|  inches.  The  mean  fur  these  hauls  of  the  "  Qarlaud"ii) 
June  and  January  is  161'8mm.,  or  only  '3mm.  less.  On  the  other  hand, 
the  yearly  increment  of  growth  deduced  from  the  "  Garland's  "  hauls  in 
Aberdeen  Bay  was  1669  in  September,  and  183-7  in  October,  the  mean 
being  174'9mm.,  or  6J  inches. 

In  a  haul  made  by  the  trawler  "St.  Andrew,"  with  the  usual 
arrangement  of  small-meshed  netting,  on  Sth  NoTember,  in  7-10 
fathoms,  in  Dornoch  Firtfa,  a  number  of  cod  were  taken,  and  also  in  a 
haul  with  the  ordinary  net  on  the  following  day  in  9-11  fathoms.  The 
meaeurements  are  arranged  in  centimetre  groups  in  the  following 
Table:— 


*  AnoUiH  one  In  tUa  bull  meunrad  tlmat  11£5  mm. 

In  the  haul  on  the  Sth  100  cod,  from  79  to  209  mm.,  appeared  to  form 
a  first  series,  but  the  termination  might  pet'haps  have  been  at  203mm. 
In  the  former  case  the  range  b  130mm.,  and  the  average  site  138mm., 
or  Gj  inches;  in  the  latter  case  the  range  is  126mm.,  and  the  average 
size  137'3mm.  The  second  series  comprised  18  fish  from  222  to 
308  mm.,  with  a  range  of  SSmm.  and  on  average  size  of  260-4mni.,  or 
lOj  inches.  The  nest  size  was  about  762mm.,  or  30  inches;  there  were 
two  at  36^  inches  (920mm.)  and  one  at  39j  inches  (1004mm.).  The 
small  cod  m  this  instance,  and  in  the  following  haul  also,  were  found 
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to  be  feeding  on  young  herrings ;  in  some  cases  their  stomachs  were 
packed  with  three  or  four  of  them.  The  young  cod  in  numbers  no 
doubt  follow  the  shoals  of  small  herrings  when  they  leave  the  bottom, 
and  this  may  account  to  some  extent  for  the  somewhat  varying  sizes  of 
codling  captured  in  the  trawl. 

The  haul  on  the  6th  was  made  without  the  small-meshed  net  around 
the  bag,  and  the  first  series  is  therefore  represented  only  by  one  or  two 
stragglers  (PI.  XVI.)..  The  s'riallest  measured  respectively  195,  209, 
211,215,216,  219  mm.  The  first,  and  perhaps  the  second,  belong  to  the 
first  series.  The  series  represented  may,  however,  be  taken  as  commencing 
at  209mm.,  and  it  extends  to  381mm.,  the  range  being  thus  172mm.  or 
64-|  inches,  and  the  average  size  is  31 1  *6mm.  or  1 2^  inches.  The  number 
ot  fish  in  the  series  was  282.  If  the  18  fish  belonging  to  this  series  taken 
on  the  previous  day  be  included,  the  mean  average  is  308*2mm.  or  12^ 
inches.  The  difference  between  the  averages  of  the  first  and  second 
series  in  these  hauls  is  170'2mm.  or  6|^  inches,  which  represents  the 
annual  increment  of  growth,  and  is  8 '4mm.  more  than  that  deduced 
from  the  '*  Garland  "  averages.  The  difference  between  the  smallest  fish 
of  the  first  and  the  second  series  is  130mm.,  and  the  difference  between 
the  largest  in  each  series  is  172mm. 

There  is  more  difficulty  in  assigning  the  limits  of  the  series  among  the 
remaining  cod.  The.  nQxt  group,  beginning  at  390mm.,  appears  to 
extend  to  59'5cm.,  the  next  largest  fish  increasing  63'5cm.  In  this  case 
the  series,  comprising  41  cod,  has  a  range  of  205mm.  or  8^  inches,  and 
an  average  size  of  490mm.  or  19|  inches.  The  difference  between 
this  and  the  mean  average  for  the  previous  series,  or  the  annual  increment 
of  growth,  is  181*8mm.  or  7j^  inches.  The  figures  indicate  that  cod 
approaching  their  third  year  of  age  (about  32  months  old)  have  the  above 
average  size,  and  may  vary  from  about  15|  inches  to  about  23|  inches 
at  this  period.  The  number  of  specimens  is,  however,  too  small  to 
enable  this  statement  to  be  made  with  certainty,  and  the  average  is 
probably  too  low. 

Two  other  series  at  least  appear  to  be  represented,  as  the  Table 
shows,  but  they  are  too  scanty  to  permit  any  average  size  to  be 
assigned. 

A  haul  made  on  25th  December  in  12  fathoms  in  Dornoch  Firth,  by 
the  ''Star  of  Hope,"  yielded  50  cod.  Of  these  the  first  series  com- 
prised 48  fish,  from  88mm.'  to  208mm.,  with  a  range  of  120mm.  and  an 
average  size  of  136'9mm.  or  5§  inches.  This,  is  1*1  mm.  below  the 
average  of  the  100  specimens  taken  by  the  **  St.  Andi*ew "  on  5th 
November.     One  cod  measured  288mm.,  and  another  468mm. 

3.  Hauls  in  Deep  Water. 

In.  the  two  hauls  with  the  small-meshed  net  made  by  the  "  St. 
Andrew ''  in  deep  water  on  31st  August  and  4th  September  (see  p.  155) 
no  very  young  cod  were  taken.  In  some  other  hauls  the  codling  were 
measured  in  inches,  but  their  numbers  were  inconsiderable.  In  the 
hauls  made  by  the  same  vessel  off  Fair  Isle  in  October  the  codling 
captured  were  measured  by  Mr.  Dannevig.  In  two  hauls  made  with  the 
small -meshed  net  around  the  cod -end,  one  on  16th  and  one  on  19th 
October,  in  65  fathoms,  only  two  young  cod  were  taken,  one  at  88mm. 
on  the  16th  and,  one  at  122mm.  on  the  19th.  The  observations  show 
that,  as  with  the  whiting,  the  year's  cod,  although  not  absent  from  the 
deep-water  grounds,  are  not  abundant  thei*e ;  and  they  may,  of  course, 
have  been  captured  in  mid -water  as  the  net  was  being  shot  or  hauled. 
I  have  tabulated  in  centimetre  groups  the  cod  caught  in  other  hauls 
combined,  between  the  16th  and  the  20th  October,  as  follows : — 
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20 

1 

21 

22 

23 

24 

6 

25 
3 

26 
13 

27 

5 

28 

16 

29 

25 

30 

16 

31 

22 

32 

20 

33 

27 

34 

15 

2 

•  • 

6 

35 

17 

36 

30 

37 

38 

39 

48 

1 

40  41 

42 

32 

43 
41 

4* 
26 

45 
16 

46 

14 

47 

14 

48 

20 

49 

8 

38 

34 

42 

48 

50 

7 

51 

8 

52 

8 

53 
13 

54 
15 

55 

56 

57 

4 

58 

9 

59 

6 

60 

2 

61 

10 

62 

4 

63 
4 

64 

9 

8 

9 

65 

1 

66 

4 

• 

67 

4 

68 

14 

69 

2 

70 

3 

71 

9 

72 

2 

73 
3 

74 

4 

75 

76 

77 

78 

4 

79 

2 

7 

11 

0 

80 

1 

81 

2 

82 

4 

83 

7 

84 
1 

85 
3 

86 

4 

87 

8 

88 

89 

90 

6 

91 

2 

92  1  93 

1 

94 

5 

•   • 

3 

7 

•  • 

95 

96 

97 

4 

98 

• 

99 

1 

100 

101 

102 

2 

103 

1 

104 

105 

106 

107 

108 

109 

4 

2 

1 

1 

•  • 

•  ■ 

•  • 

•  • 

1 

1 

It  will  be  observed  from  the  above  that  the  sizes  do  not  form  sym- 
metrical groups,  and  this  is  also  shown  when  they  are  plotted  out  in 
graphic  form,  the  curve  being  very  irregular  (PL  XVI.).  A  series  cul- 
minates about  40cm.,  but  to  include  all  from  23cm.  (9  inches)  on  one  side 
to  about  50cm.  (19|  inches)  on  the  other,  would  be  to  give  a  range  too 
extensive;  and  tiie  depression  about  34-35  cm.  suggests  that  a  series  may 
terminate  there.  Treatment  of  the  separate  hauls  is  not  more  satis- 
factory, and  the  only  conclusion  that  can  be  drawn  from  the  measure- 
ments is  that  a  group  appears  to  have  its  culmination  or  average 
about  15|  inches. 

5.  SoLWAY  Firth. 

In  various  hauls  with  a  shrimp-net  in  2-4  fathoms  in  the  Solway 
Firth  young  cod  were  captured,  the  measurements  of  which  are  given  in 
the  following  Table  : — 
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Date. 

i 
1 

No.  of 
Fish. 

• 
Size. 

^age. 

Range. 

Difference. 

Avei 

1899. 

Mm. 

Mm. 

Mm. 

Inches. 

Ist  August 

5 

55-81 

26 

62-4 

n 

27th  Sept. 

14 

68-123 

55 

101-8 

4 

10th  October    . 

9 

95-126 

30 

1161 

^ 

1900. 

30th  July 

69 

47-86 

39 

660 

2A 

30th  August     . 

12 

63-113 

60 

89-9 

3A 

28th  Sept. 

12 

70-105 

35 

930 

3H 

31st  October  . 

6 

70-118 

48 

97-3 

.3t« 

27th  November 

8 

77-126 

49 

133-2 

^ 

30th  December 

5 

97-182 

85 

144-2 

6tt 

The  numbers  are  small  in  nearly  all  these  hauls,  and  the  averages 
cannot  therefore  be  regarded  as  more  than  approximate.  Yet  they  agree 
fairly  well  with  those  for  the  East  Coast,  and  show  the  progressive 
growth  of  the  young  cod  at  the  dates  mentioned. 

I  append  a  Table  showing  the  particulars  concerning  most  of  the 
hauls,  and  comprising  the  measurements  of  cod  : — 


Date  and 
Place. 


Aberdeen  Bay 

%OcL 
A  Series  . 


6 


>» 


31  Oct, 
A  Series  . 

B      ,, 

1  Nov. 

A  Series  . 


B 


»»      • 


31  Oct.,  1  Nov, 

Averace. 

A  Series  . 


B 


f) 


Depth. 


Fnis. 
12-14 


8-10 


12-16 


No.  of 
Fish. 


42 

7 


195 


SiZB. 


Range. 


80-166 
199-291 


88-183 


Dififer- 
enoe. 


Mm. 

86 
92 


4  263-329 


73 
9 


83-172 
216-325 


95 
66 

89 
109 


268 
13 


\ 


83-183 
216-329 


\. 


100 
113 


Average. 


Mm. 

116-6 
247-3 


120-4 
296 

118-5 
276-8 


^ 


119-9 
282 


Inches. 
9i 


Hi 


Apparent 

Annual  Growth 

from  preceding 

^ries. 


Mm. 


Inches. 


130-8 


175-8 


167-3 


162-1 


5| 


m 


6A 


6| 
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Date. 

Depth. 

No.oi 
Fish. 

SiZB. 

Apparent 
Annual  Growth 

! 

Range. 

Differ- 
ence. 

Average. 

from  preceding 
Series. 

Abbrdbbn  Bat— 
cantinued. 

Fms. 

Mm. 

Mm. 

Mm. 

Inches. 

Mm. 

Inches. 

QiVor. 

9 

A  Series  . 

6 

87-131 

44 

105-5 

H 

■  •  • 

\7  Dec. 

8-15 

A  Series  . 

38 

106-162 

56 

131-1 

6A 

•  •  • 

• « • 

IS  Dec, 

8 

A  Series  . 

43 

82-119 

37 

97-2 

m 

... 

•  •  ■ 

19  Dec. 

5-12 

A  Series  . 

155 

75-188 

110 

103-8 

ii 

... 

«  •  • 

19Z>€c. 

6-8 

A  Series  . 

20 

79-111 

32 

93-8 

8H 

... 

... 

21  Dec, 

7 

A  Series  . 

114 

84-188 

104 

111-7 

^ 

1 

1 

•  ■  •             1             •  •  • 

Dec. 

Aremce. 

A  Series  . 

370 

75-188 

118 

107-7 

4i 

•  •  • 

•  •  • 

21-25  StpL 

5-27 

A  Series  . 

9 

68-124 

56 

88-6 

3i 

•  •  • 

•  •  • 

B      ,,      . 

16 

209-296 

87 

255-5 

KV, 

166-9 

6A 

9  Oct, 

12-16 

A  Series  . 

11 

83-157 

74 

105-0 

44 

•  •  • 

•  •  • 

B      „      .        . 

9 

245-337 

92 

286-2 

Ui 

181-2 

74 

18  0t;<. 

12-16 

A  Series  . 

26 

72-121 

49 

92-9 

31 

■  •  • 

•  •  • 

B      „      .        . 

5 

219-284 

65 

260-8 

lOi 

167-9 

«l 

23  Oct, 

36f49 

1 

A  Series  . 

14 

77-112 

85 

91-6 

38 

•  •  • 

•  •  • 

B      „     .        . 

5 

272-320 

48 

290-4 

"A 

198-8 

7« 

24  0rt. 

60 

B  Series  . 

8 

264-275 

11 

268-0 

lOA 

•  •  • 

•  •  • 

Oct, 

Arermce. 

A  Series  . 

51 

72-157 

85 

95-2 

8f 

•  •  • 

•  •» 

B      „     . 

22 

219-337 

118 

278-9 

11 

188-7 

74 
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Date. 

TVv«.4u   iNo.  of  - 
Depth.    ^^^ 

1 

Sl2B. 

Apparent 
Annual  Growth 

Range. 

Differ- 
ence. 

Average. 

from  preceding 
Series. 

Moray  Flrtk. 

'i&May. 
B  Series  . 

^June, 
A  Series  . 

9  Junt,* 
B  Series  . 

19/uii«. 
A  Series  . 

Fnw. 

1 
4 

1 

1-8 

1 

8-10 
1-3 

5 
15 
24 
62 

Mm. 

120-170 
31-48 

141-268 
26-51 

Mm. 

50 

17 

127 

25 

Mm. 

148-6 
897 

197-8 
39-6 

Inches. 

lA 

Mm. 

•  •  • 

•                 • 

•  •• 

158-1 

•  •  • 

Incbeat 

■  •  • 

•  •• 

•  •  • 

WNov, 
A  Series  . 

30  Nov,* 
A  Series  . 

8-12 
7i-8 

17 
28 

82-170 
78-200 

88 
122 

116-4 
156-5 

8A 

•  •  • 

•  «  ■ 

•  a  • 

A  Series  . 

10 

12 

83-187 

104 

130-7 

6i 

•  •  • 

•  •  • 

10 /aa. 
A  Series  . 
B      „     . 

6-7 

21 
20 

84-197 
255-855 

113 
100 

142-1 
807-6 

6| 
12J 

165-5 

64 

6  Nov, 
A  Series  . 
B      ,,      . 

6  Nov,* 
B  Series  . 
C      „     . 

7-10 

9-11 

1 

100 
18 

282 
41 

79-209 
222-308 

209-381 
890-595 

130 
86 

172 
205 

138 
260-4 

311-6 
490 

5i 
lOJ 

12J 

m 

•  •  ■ 

180-4 

■  •  • 

181-8 

•  •• 

6A 

■  a  • 

74 

Nov, 
Average. 

A  Series  . 
B      ,,      . 
C      ,,      . 

1 

100 

300 

41 

79-209 
209-381 
390-595 

180 
172 
205 

138 

808-2 

490 

6i 
12i 

19* 

• 

170-2 
181-8 

•  •  • 

74 

26  Dec. 
A  Series  . 

12 

48 

88-208 

120 

186-9 

6| 

•  •  • 
• 

•  •  • 

Ordinary  trawl-net. 
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SUMMARY. 

It  is  comparatively  an  easy  matter  to  determine  the  mean  age  of  the 
cod  in  the  three  series  dealt  with  above.  The  cod  spawns  on  the  East 
Coast  in  February,  March,  April,  and  May,  and  principally  in  Mai'ch ;  a 
few  spawning  fish  may  also  be  found  in  January  and  June.*  The  great 
majority  of  the  eggs  probably  hatch  about  the  end  of  March  and  early  part 
of  April,  which  may  be  taken  as  the  period  from  which  to  date  the  average 
age  of  the  season's  brood.  The  average  size  of  the  season's  cod  caught  on 
9th  and  19th  June,  in  1-3  fathoms,  in  the  Moray  Firth,  was  39*6mm., 
or  just  over  \i  inches,  which  would  represent  the  amount  of  growth  in 
a  little  more  than  two  months.  At  this  time  they  ranged  in  size  from 
1  inch  to  2  inches.  On  November  11th  they  were  found  in  the  same 
locality  in  8-12  fathoms,  ranging  from  3^  to  nearly  6|  inches,  the  mean 
size  being  a  little  over  4^  inches.  Much  the  same  range  of  size  was 
found  on  24th  December,  the  largest  being  7|  inches,  the  smallest 
3|  inches,  and  the  mean  size  was  5|  inches.  On  10th  January,  in  6-7 
fathoms,  some  were  found  as  small  as  3^^  inches,  the  largest  of  the 
series  being  7|  inches,  and  the  average  was  5§  inches.  These  fish  were 
caught  by  the  small-meshed  net  of  the  '^Qarland";  those  caught  by 
the  trawlers  gave  somewhat  higher  averages.  Thus,  on  7th  November, 
in  7-10  fathoms,  they  varied  in  size  from  3^  to  8|  inches,  with  a  mean 
size  of  5^  inches.  On  25th  December,  in  12  fathoms,  they  ranged  from 
3||  to  8|  inches,  and  had  an  average  size  of  5|  inches. 

On  8th  October,  in  Aberdeen  ^y,  the  young  cod  of  the  year  got  in 
12-14  fathoms  ranged  between  3|  and  6^  inches,  the  average  size  being 
4-;^  inches.  At  the  end  of  the  month  they  varied  from  3|  to  7^  inches, 
the  mean  size  being  4-}^  inches.  A  little  after  the  middle  of  December 
they  were  found  in  5-12  fathoms  from  3  to  7|  inches,  the  average  size 
being  4|  inches. 

The  very  considerable  range  of  sizes  in  these  cases — the  dififerenoe 
between  the  smallest  and  the  largest  being  almost  equal  to  the  mean  size 
for  the  group — is  only  partly  accounted  for  by  the  range  of  the  spawning 
season ;  it  is  equally  due  to  difference  in  the  rate  of  growth  of  individual 
fishes  and  to  migration. 

It  may  be  said,  therefore,  that  the  cod  hatched  abott  the  beginning 
of  April  attain  an  average  size  of  about  4|  inches  in  October,  and  that 
the  season's  brood  at  this  time  vary  from  3  inches  to  about  7|  inches 
in  length. 

The  increment  of  growth  in  a  whole  year  at  this  period  is  shown  by 
the  difference  between  the  average  size  of  the  season's  fish  and  of  those 
of  the  previous  year.  It  varies  in  the  hauls  represented  in  the  Table 
from  5^  to  7\^  inches,  but  the  extremes  depend  upon  the  comparison  of 
very  few  fishes  in  the  second  series.  The  mean  of  the  ten  cases  in 
which  comparison  can  be  made  is  167 '2mm.,  or  a  little  over  6^  inches, 
and  this  may  be  taken  as  approximately  representing  the  increase  in  the 
length  of  a  cod  in  a  year  at  this  period  of  their  lives,  and  it  agrees  veiy 
well  with  the  growth  of  the  season's  brood  to  a  length  of  about  5  inches 
in  December,  when  they  are  eight  or  nine  months  old. 

The  next  series  or  generation — fish  of  the  preceding  year — had  an 
average  size  in  June  of  about  7|  inches,  and  a  range  from  5  J  to  about 
10^  inches.  In  September  the  average  size  was  about  10  inches,  and 
the  range  from  8^  to  about  11^  inches.  In  October  they  measured  on 
the  average  about  11  inches,  and  ranged  from  about  8  to  13  inches.  In 
January  the  mean  size  was  a  little  over  12  inches,  and  the  range  from 

*  Tenth  Ann.  Rep.  Fishery  Board  fw  ScoilaHd,  Part  iii.,  p.  283. 
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10  to  14  inches.  According  to  the  rate  of  growth  deduced  from  a  com- 
parison of  the  mean  averages  of  the  two  series  or  generations  through- 
out, these  fishes  should  reach  an  average  size  of  a  little  over  13  inches 
in  the  following  March  or  April,  when  they  would  be  two  years  old. 

The  third  series  or  generation  (C)  was  only  represented  by  41  fishes 
caught  on  9th  November.  The  average  size  was  19|  inches,  and  they 
ranged  from  about  15|  to  23 1  inches.  The  annual  increment  of  growth 
from  the  previous  year's  fish,  deduced  from  a  comparison  of  the  above 
average  with  the  average  of  the  preceding  series  (B),  is  7^  inches. 

The  average  size  at  which  the  cod  becomes  mature  has  not  perhaps 
been  yet  determined  with  precision,  but  it  has  been  shown  by  myself 
that  the  male  may  reach  maturity  when  about  20,  and  the  female  be 
nearly  mature  when  about  21  inches  in  length.*  Holt,  with  more 
abundant  material,  places  the  minim\im  size  of  the  ripe  male  at  22 
inches,  and  that  of  the  ripe  female  at  26^  inches ;  f  and  there  is  no 
doubt  the  great  bulk  do  not  spawn  until  a  little  larger.  Since  the  cod 
above  mentioned  were  about  two  years  and  seven'  months  old  when  they 
were  caught,  it  is  evident  that  some  of  them  would  not  only  reach  but 
exceed  the  minimum  size  of  maturity  in  the  next  spawning  season.  It 
seems  equally  clear  that  the  majority  would  not  do  so,  and  it  thus 
appears  that  while  some  cod,  especially  males,  may  spawn  when  three 
years  old,  most  of  them  do  not  begin  spawning  until  they  are  four  years 
of  age.  On  the  assumption  that  the  rate  of  growth  above  indicated 
(7^  inches)  was  maintained,  the  average  size  of  cod  three  years  and 
seven  months  old  in  November  would  be  a  little  over  26  inches;  and  in 
the  following  spawning  season  when  four  years  of  age,  their  mean  size 
would  be  probably  between  27  and  28  inches. 

I  may  mention  that  a  codling  I  placed  in  the  large  tidal  pond  at  the 
Marine  Laboratory,  Bay  of  Nigg,  increased  from  11|  inches  on  28th 
August  last  to  12|  inches  on  the  26th  September.  The  increase  in 
length  was  thus  at  the  rate  of  1mm.  daily,  and  it  was  no  doubt  greater 
than  it  would  have  been  in  the  sea  under  ordinary  conditions,  because 
the  fish  was  surfeited  with  mussels  so  that  its  belly  was  abnormally 
distended. 

♦  Tenth  Ann,  Rep.  Fishery  Boarder  Scotl.,  Part  iii.,  p.  289. 
f/ottr.  Mar,  Biol.  Auoc^  iii.,  p.  80. 


EXPLANATION  OF  PLATES. 

IX-XVI. — Diagrams  representing  the  measurements  of  different  groups  or  annual 
series  of  the  Norway  Pout,  the  Whiting,  Haddock,  and  Cod. 
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NO.— Deep  Water. 
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PLATE  XIII 

HADDOCK.— Aberdeen    Bay. 
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VL— REPORT  ON  THE  HATCHING  WORK  AT  THE  MARINE 
HATCHERY,  BAY  OF  NIGG,  ABERDEEN,  DURING 
THE  SPRING  SEASON  1900.  By  HARALD  C.  DANNEVIG. 

In  last  year's  Report  it  was  stated  that  the  hatching-house,  pumps, 
and  apparatus  had  been  transferred  to  the  site  of  the  Marine  Laboratory 
at  Bay  of  Nigg,  Aberdeen,  and  that  the  large  concrete  tank  in  which 
the  spawning  fishes  are  retained  had  been  completed  and  worked  satis- 
factorily. It  was  found,  however,  later  that  the  large  inflow  pipe  was 
leaking,  so  that  fresh  water  present  in  the  ground  obtained  admission, 
and  at  times  somewhat  reduced  the  specific  gravity  of  the  sea  water  in 
the  pond,  a  defect  which  has  now  been  remedied. 

In  preparation  for  the  season's  work  a  supply  of  adult  plaice  were 
obtained  and  were  placed  in  the  large  tidal  pond.  While  at  Dunbar  the 
supply  of  spawners  was  obtained  from  Granton  and  Newhaven  trawlers, 
which  were  working  mostly  at  a  distance  of  twenty  or  thirty  miles  off 
the  mouth  of  the  B^h  of  Forth.  A  man  was  placed  on  board  each  of 
two  or  three  boats,  which  almost  daily  came  up  to  the  Isle  of  May  to 
discharge  their  catches  into  the  carrier  boats  for  the  market,  and  the  live 
plaice,  which  were  kept  in  tubs  and  given  a  regular  supply  of  water, 
were  at  the  same  time  transfeixed  to  the  **  Garland ''  and  taken  to 
Dunbar.  In  order  to  secure  a  supply  of  spawners  for  this  first  season 
at  the  Bay  of  Nigg  hatchery  an  ordinary  trawler  was  authorised  to 
work  in  the  Moray  Firth  for  a  short  time  on  condition  that  all  the  live 
plaice  suitable  for  the  hatchery  were  put  aside  for  that  piu*po6e.  The 
first  voyage,  which  occupied  the  last  week  of  December  1899,  was  unsuc- 
cessful, although  a  great  number  of  fish  was  met  with ;  exceptionally 
stormy  weather  which  then  prevailed  made  it  impossible  to  keep  the 
fish  alive.  The  arrangements  for  the  keeping  of  the  live  fish  on  board 
the  trawler  were  improved,  and  the  following  trips,  in  January  and 
early  in  February  1900,  were  attended  with  success.  Each  voyage 
generally  lasted  one  week,  and  upon  arriving  in  Aberdeen  the  fiishes 
were  at  once  conveyed  to  the  tidal  pond  at  the  hatchery,  where  by 
February  3rd  a  total  of  1419  plaice  had  been  collected,  the  proportion 
between  females  and  males  being  about  three  to  one.  The  fish  were 
nearly  all  caught  on  the  Caithness  coast,  off  Lybster  and  Dunbeath,  at 
a  distance  from  the  shore  of  from  two  to  three  miles.  The  fishing 
on  Smith's  Bank  as  well  as  along  the  southern  coast  of  the  Firth 
was  not  attended  with  much  success.  The  plaice  for  the  Dunbar  station 
were  generally  landed  within  twenty-four  hours  after  their  capture,  and 
as  owing  to  the  frequent  landings  the  numbers  dealt  with  at  a  time 
were  comparatively  small,  undue  crowding  in  the  tubs  was  avoided. 
While  working  this  year  in  the  Moray  Firth  the  conditions  in  this 
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respect  were  different.  The  collection  of  the  fishes  was  a  gradual 
process  lasting  for  one  week  or  more,  and  the  specimens  that  were  first 
cauglit  were  coufiiied  in  the  tubs  for  all  that  time,  while  at  the  end 
of  the  voyage  the  tottil  number  of  fish  in  hand  was  so  great  that 
crowding  to  a  considerable  extent  was  unavoidable.  A  regular  and 
abundant  supply  of  water  wtjs  always  provided  day  and  night,  yet  it  was 
easy  to  see  that  such  specimens  as  had  been  long  in  the  tubs  were 
sluggish  and  weak,  and  owing  to  the  constant  friction  the  scales  had 
often  been  removed  from  parts  of  the  body.  The  latter  feature,  though 
unimportant  in  appearance  at  the  time,  is  afterwards  found  to  be  a 
frequent  cause  of  death.  When  these  various  circumstances  were  taken 
into  consideration  it  was  natural  that  a  number  of  the  newly  captured 
fish  should  die  soon  ;  and  almost  daily  dead  plaice  were  removed  from 
the  pond.  During  the  laiddle  of  February  an  exceptionally  heavy 
south-easterly  gale  prevailed,  which  caused  much  loss  of  life  and 
of  vessels,  while  a  great  amount  of  damage  was  done  to  property  ashore 
by  flooding,  etc.  The  breakwater  in  front  of  the  pond  had  not  by  that 
time  been  completed,  but  in  view  of  the  bad  weather  its  effectiyeneaa 
had  been  temporarily  augmented  by  means  of  heavy  wooden  beamR,  and 
large  boxes  filled  with  stones  had  been  placed  at  the  most  exposed  parts. 
But  during  the  night  of  the  15th,  when  the  gale  was  at  its  highest^ 
several  seas  swept  over  the  embankment  and  carried  a  quantity  of 
gravel  and  soil  with  them  into  the  pond.  Owing  to  the  continuance  of 
the  gale,  which  was  attended  with  a  heavy  fall  of  snow,  the  pond  could 
not  be  emptied  until  Februaiy  21st.  On  that  day  all  the  fiahes  were 
removed  to  the  reservoir  tank,  where  a  constant  and  abundant  circula- 
tion was  maintained  by  means  of  the  pumps.  The  water  was  obtained 
from  the  sea  for  the  greater  part  of  the  thirty  hours  during  which  the 
fish  were  confined  there,  but  while  the  tide  was  out  it  was  necessary  to 
repump  the  same  water  which  was  flowing  away,  care  being  taken 
to  have  a  quantity  of  air  mixed  with  the  water  before  it  was  returned  to 
the  tank.  After  being  thoroughly  cleaned  the  pond  was  again  refiUed 
on  the  tide,  and  all  the  surviving  plaice,  951  in  number,  were  returned 
to  it  in  a  healthy  condition. 

During  the  early  pai*t  of  the  season  lug-worms  were  supplied  as  food 
for  the  plaice,  but  owing  to  the  difficulty  in  obtaining  thia  ra^er 
expensive  article  in  the  winter  time  mussels  were  resorted  to  and  have 
been  found  satisfactory. 

The  hatchery  was  started  on  March  10th,  when  the  first  eggs  were 
collected.  This  process  was  at  Dunbar  effected  by  means  of  a  constant 
overflow  which  was  maintained  by  the  pumps,  and  carried  the  eggs  from 
the  spawning  pond  into  a  special  appaiutus — ^the  egg-collector.  But 
owing  to  the  position  and  construction  of  the  pond  at  Bay  of  Nigg, 
the  same  method  would  be  less  satisfactory.  It  is  not,  however,  attended 
with  much  loss  of  time  or  other  difiiculties  to  "  drag  "  or  tow-net  the 
pond  with  a  large  muslin  net,  suspended  on  a  frame  measuring  10  x  4 
feet,  and  in  this  way  the  eggs  do  not  sufier  to  the  same  extent  from  a 
prolonged  crowding  which  would  take  place  in  an  ordinary  collector 
wlien  left  at  work  over  night.  About  one  week  after  the  hatchery  had 
been  started  very  cold  weather  set  in  and  caused  a  considerable  roduc- 
tion  in  the  tempei*ature  of  the  sea  water  on  the  beach  as  well  as 
in  the  pond.  In  the  latter  the  temperature  was  twice  down  to  the 
freezing  point,  and  on  one  occasion  it  was  even  reduced  to  1*6*  C.  below 
that  point;  ice  at  the  same  time  covered  the  greater  part  ci  tbe 
surface.  Artificial  heating  was  resorted  to,  and  by  applying  the 
exhaust  steam  from  the  pumps  to  a  2)J-inch  pipe  which  had  been 
covered  with  wood  and  through  which  the  pond  water  was  circulated  it 


of  the  Fishery  Board  for  Scotland,  231 

was  possible  to  increase  the  temperature  of  the  whole  body  of  water  in 
the  pond  by  two  and  a  half  degrees.  The  fishes  were  sluggish  at  the 
time  but  did  not  otherwise  appear  affected  by  the  low  temperature, 
which,  however,  had  a  retarding  influence  upon  the  production  of  the 

The  daily  progress  of  the  hatching  operations  will  be  seen  from  Table  I., 
which  also  contains  records  of  the  temperature  and  the  specific  gravity 
of  the  water  in  the  hatchery,  the  pond,  and  the  sea  (taken  at  the  sur- 
face on  the  beach).  As  will  be  seen,  a  total  number  of  43,290,000  eggs 
were  collected  from  the  pond  from  March  10th  to  May  5th,  and  of  these 
72*3  per  cent.,  or  31,305,000,  were  successfully  hatched.  The  death- 
rate  amongst  the  eggs  during  incubation  was  much  higher  than  usual, 
and  was  most  distinctly  due  to  the  low  specific  gravity  of  the  water 
that  was  obtainable  for  the  hatchery,  while  the  sea  water  on  the  beach 
is  usually  of  quite  a  normal  high  specific  gravity.  As  stated  above,  a 
leakage  was  found  to  have  developed  on  the  main  supply  pipe  to  the 
filter-chamber,  so  that  a  varying  quantity  of  fresh  ground -water  was 
usually  added  to  the  supply  for  the  pumps  and  accounted  for  the 
reduced  salinity.  The  leakage  took  place  in  the  ground  outside  the 
pond  wall,  and  the  amount  of  admixture  of  fresh  water  varied  con- 
siderably according  to  the  state  of  the  tide.  At  or  near  high  water  the 
level  of  the  sea  was  above  that  of  the  fresh  water  in  the  ground,  and 
the  sea  water  actually  flowed  through  the  defective  parts  of  the  pipe 
and  a  good  salinity  was  obtainable  for  two  or  three  hours.  But  during 
the  flowing  and  ebbing  tide,  while  the  level  of  the  sea  was  below  that 
of  the  fresh  water  surrounding  the  pipe,  the  objectionable  leakage  took 
place.  At  half  tide  the  water  in  the  filter-chamber  was  seldom  above 
1024,  while  it  often  was  considerably  less.  The  defects  in  the  supply 
pipe  were  repaired  in  the  summer,  and  the  salinity  of  the  water  for  the 
pumps  has  since  been  much  improved  at  all  stages  of  the  tide.  There 
appears,  however,  to  be  reason  to  fear  that  the  clay  pipes,  which  are 
jointed  with  cement,  may  not  be  found  strong  enough  to  withstand  for  a 
long  period  of  years  the  pressure  to  which  they  are  sometimes  exposed 
in  stormy  weather. 

The  fry  from  the  hatchery  was  again  taken  to  the  upper  parts  of 
Loch  Fyne  and  distributed  at  various  places  and  under  conditions  as 
detailed  in  Table  II.  As  it  was  possible  to  make  the  journey  from 
Aberdeen  to  Inveraray  during  the  night,  when  the  air  was  sufficiently 
cold  to  render  ice- packing  imnecessary,  the  fry  were  transported  in  large 
carboy  jars. 

In  the  Fishery  Board's  Sixteenth  Annual  Report^  Part  iii.,  I  described 
a  successful  experiment  with  rearing  of  plaice  larvae  through  the  trans- 
formation stage,  after  which  the  young  fish  adopts  the  habits  of  the 
adult.  During  the  season  here  dealt  with  some  fry  of  plaice  were  again 
reared  with  success,  and  a  few  specimens  that  were  kept  over  are  still 
alive,  and  in  January  1901  had  an  average  size  of  about  3|  inches. 


[Table. 
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TABLE  l.—<:(miinued. 

Date. 

Number  of 

Eggs 
collocted. 

Number  of 

found  dead 
in  Boxes. 

Number  of 

Fry 

put  out. 

Total  Stock 
in  Boxes. 

The  Water 

in  the 
Hatchery 
at  noon. 

The  Water 

in  the 

Pond 

at  noon. 

The  Water 

on  the 

B«ach 

at  noon. 

Sp.gr. 

Temp. 

Sp.  gr. 

Temp. 

Sp.gr. 

Temp. 

Ap.   12 

1         • 

1,100,000 

•  •  • 

27,186,000 

26-9 

Cent. 
6-1 

26-6 

Cent. 
7-9 

27-3 

Cent. 
4-8 

n    13 

J     910,000 

•  •  • 

... 

28,095,000 

27-0 

6-8 

26-6 

7-8 

27-4 

6-0 

n     14 

715,000 

750,000 

... 

28,060,000 

27-0 

«-8 

26-7 

7-2 

27-4 

6-2 

„    16 

•  ■  ■ 

375,000 

27,685,000 

... 

N. 

... 

•  •  • 

•  ■  • 

•  •  • 

„     16 

•  •  • 

■  •  • 

• 

•  ■  • 

27,685,000 

27- 

7*3 

26-6 

7  1 

27-4 

6-8 

n    17 

w 

•  •  • 

3,380,000 

24,305,000 

27-2 

8-8 

26-6 

6-8 

27-4 

6-3 

„    18 

•  •  • 

... 

... 

24,305,000 

•  •  • 

... 

... 

... 

... 

•  •  • 

„    19 

,     650,000 

... 

... 

24,955,000 

27-0 

9-0 

26-7 

0-0 

267 

8-4 

„    20 

•  •  • 

*  •  • 

... 

24,955,000 

27-1 

10-1 

26-7 

9-3 

•  ■  • 

•  •  • 

»    21 

... 

1,180,000 

... 

23,775,000 

26-9 

10-3 

26-6 

9-8 

26-8 

8-6 

„    22 

■  •  • 

•  •  • 

... 

23,775,000 

... 

•  ■  • 

•  •  • 

•  •  a 

•  •  • 

•  •  • 

„    23 

.  1,690,000 

•  •  ■ 

... 

25,465,000 

26-9 

8-7 

26-6 

10-6 

27-2 

8-6 

n     24 

■  •  • 

480,000 

4,290,000 

20,695,000 

26-7 

91 

26-6 

8-0 

27-3 

8-6 

„    25 

■  •  • 

... 

... 

20,695,000 

26-8 

9-6 

26-6 

8-0 

27-3 

8-6 

„    26 

- 

■  ■  • 

260,000 

20,435,000 

26-6 

10-1 

26-6 

8-0 

27-3 

8-6 

„    27 

•  ■  • 

... 

20,435,000 

26-8 

9-7 

26-6 

8-2 

27-3 

8-4 

„    28 

.      250,000 

610,000 

4,160,000 

16,015,000 

27-0 

9-4 

26-6 

8-3 

27-4 

8-6 

„    29 

^ 

•  •  • 

16,015,000 

27-0 

9*6 

26-7 

8-7 

27-3 

8-5 

„    80 

160,000 

16,175,000 

27-2 

91 

•  •  • 

... 

•  ■  • 

•  •  • 

May    1 

■  ■  • 

■  • « 

•  •  • 

16,175,000 

27-3 

8-7 

26-7 

8-6 

27-3 

8-6 

»      2 

160,000 

5,460,1)00 

10,555,000 

27-2 

8-5 

26-8 

8-6 

27-3 

8-6 

M        3 

... 

10,555,000 

271 

8-5 

26-8 

8-6 

27-3 

8-6 

M            4 

... 

... 

•  •  • 

10,555,000 

27-2 

8-5 

26-8 

8-6 

27-8 

8-6 

n        6 

45,000 

•  ■  • 

5,600,000 

5,000,000 

27-1 

8-5 

26-8 

8-7 

27*3 

8-5 

n        6 

■  •  • 

•  ■  • 

•  •  • 

5,000,000 

27-0 

8-5 

26-8 

8-7 

27-8 

8-6 

•  •  • 

•  •  • 

•  •  • 

5,000,000 

26-9 

8-6 

26-7 

9-0 

27-2 

8*6 

„      8 

•  •  • 

•  •  • 

•  •  • 

6,000,000 

26-6 

8-5 

26-7 

90 

27-2 

8-5 

M           9 

■  •  • 

30,000 

8,100,000 

1,870,000 

26-9 

8-5 

26-7 

9-0 

27*2 

8-6 

„    10 

•  •  • 

•  •  • 

•  • « 

1,870,000 

26-7 

8-6 

26-7 

9-0 

27-2 

8-6 

n      11 

•  •  • 

•  •  • 

•  •  • 

1,870,000 

26-8 

8-6 

28-6 

9-0 

27-2 

8-6 

„    12 

1 

... 

■  •  • 

1,870,000 

•  •  ■ 

•  ■  ■ 

•  •  • 

•  •  • 

•  ■  • 

•  •  ■ 

•  •• 

48,290,000 

81,805,000 
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NOTES  ON  GATHERINGS  OF  CRUSTACEA,  COLLECTED 
FOR  THE  MOST  PART  BY  THE  FISHERY  STEAMER 
*' GARLAND"  AND  THE  STEAM  TRAWLER  "ST. 
ANDREW"  OF  ABERDEEN,  AND  EXAMINED  DURING 
THE  YEAR  1900. 

By  Thomas  Scott,  F.L.S.,  Mem.  Soc.  Zool.  de  France. 

(Platca  XVIL  and  XVIIL) 

Contents. 

Introductory  RemarkH, 
Copepoda, 
Ostracoda, 
Amphipoda, 
Isopoda, 

Synipoda  (Cumacea), 
Schizopoda, 
Macrara, 
Brachyura, 
Explanation  of  the  Plates, 

INTRODUCTORY  REMARKS. 

These  Notes  form  a  continuation  of  the  series  of  papers  which  have 
from  time  to  time  been  published  in  Part  III.  of  the  Annual  Reports  of 
the  Fishery  Board  for  Scotland.  The  purpose  of  these  notes  is  to  record, 
in  a  more  or  less  accessible  form,  some,  at  least,  of  the  interesting 
organisms  that  have  been,  and  still  are  being,  obtained  in  connection 
with  the  investigations  carried  on  under  the  authority  of  the  Fishery 
Board. 

It  is  now  generally  acknowledged  that  the  Crustacea  constitute 
a  considerable  portion  of  the  food  of  our  food-fishes,  and,  as  will 
be  shown  in  the  sequel,  several  of  the  Crustaceans  to  be  recorded  here 
have  only  so  hx  been  obtained  in  the  stomachs  of  fishes ;  a  knowledge, 
therefore,  of  the  kinds  and  distribution  of  these  organisms  is  necessarily 
of  more  than  merely  zoological  importance. 

During  the  past  year  a  considerable  amount  of  information  concerning 
the  distribution  of  the  Crustacea  has  been  obtained,  and  a  number  of 
species  have  been  added  to  the  marine  fauna  not  only  of  Scotland  but  also 
of  the  British  Islands,  while  a  few  are  apparently  new  to  science.  A 
considerable  number  of  rare  species  have  been  obtained  in  gatherings 
collected  by  the  "  Garland  "  and  forwarded  to  the  Laboratory  at  Bay  of 
Nigg.  Several  rich  gatherings  of  Crustacea  were  also  collected  by  the 
steam  trawler  "  St.  Andrew  '*  of  Aberdeen,  which  carried  on  some  experi- 
ments to  the  east  of  the  Orkney  and  Shetland  Islands  during  the  months 
of  September  and  October  last.      One  or  two  of  this  richest  gatherings 


236 


Part  III. — Nineteenth  Annual  Report 


examined  during  the  past  year  were  collected  by  the  "  St  Andrew " 
off  the  Fair  Island  in  October.  The  following  are  a  few  of  the 
Crustacean  species  observed  in  the  **  St.  Andrew  "  gatherings  : — 


Eucalanus  elongatus  (Dana). 
Eucdlanua  crassw^  Giesbrecht. 
lihincalanus  (?)  gigas,  Brady. 
'^Cydopina  Jongtfurcatn,  sp.  n. 
*Eticanudla  apinifera,  gen.  et  sp.  n. 
Macrocypris  minna  (Baird), 
Euonyx  chelaiua^  Norman. 
Byhlis  gaimardi  (Kroyer). 
Aceros  phyllonyx  Qil,  Sars). 
LtmiiatophiliLS  tuberculatus,  Bruzel. 
Dulichia  rfumacantha^  Metz. 


Ardurella  (lelatata,  G.  O.  Sars. 
Paramunna  biloJjata,  G.  O.  Sars. 
Macrostylis  spiniferoj  G.  O.  Sars. 
Echinopleura  aculeata,  G.  0.  Sars. 
Diastylis  eomuta  (Boeck). 
Dtastylopm  redma  (Kroyer). 
LeptostylU  villosa,  G.  O.  Sars. 
Pseudocuma  HmUiSf  G.  O.  Sars. 
Campylaspis  ruhicunda  (Lillj.). 
Campylaspis  costatay  G.  0.  Sars. 
Eryihrops  serrata,  G.  0.  Sars. 


Several  organisms  other  than  Crustacea  were  also  observed  in  the 
gatherings  collected  by  the  **  St  Andrew/'  the  following  of  which  may  be 
mentioned  :— 

Clio  pyramiilataf  Browne,  obtained  fifty  miles  S.£.  of  Fair  Island 

(living  when  captured),  October  19th,  1900. 
Natica  grosnlandica,  Beck,  dead,  but  fresh  shell 
Sipfianoflenialium    lofotense,   Sars,    a   few  specimens;   and    the 
following  Foraminifera  : — Saccamina  8ph<era,  Psamrnosphoira 
fitsca^  Astrorhiza  arenaria,  Plucopsilina  bulla. 

Some  interesting  collections  were  also  sent  from  the  "  Garland,"  and 
especially  those  from  the  deep  water  off  Aberdeen.  Some  moderately  rare 
species  belonging  to  the  Amphipoda,  Isopoda,  Sympoda,  and  Macrura 
were  obtained  off  Aberdeen,  comprising  such  forms  as  the  beautiful 
Epi7ti€rta  eomigera,  the  curious  Lepvlepecrium  longicome,  and  Euonyx 
cJielatus,  and  also  the  following  rare  forms  : — Amphilochoules  intermedius^ 
T.  Scott,  Metopina  robusta  (G.  0.  Sars),  Gujtia  puldidla,  G.  O.  Sars, 
Pdalosariiii  dedivis,  G.  0.  Sars,  Pleurogoniwn  inentie,  G.  0.  Sars,  and  a 
number  of  other  minute  species. 

Copepoda  were  not  very  plentiful,  neither  in  these  gatherings  nor  in 
those  collected  by  the  "  St.  Andrew,"  but  nevertheless  interesting  species 
will  be  found  recorded  in  the  sequel.  A  curious  and  somewhat  abnormal 
form  which  was  dredged  by  the  "  Garland  "  at  Tarbert  Bank,  Loch  Fyne, 
I  have  been  unable  to  identify  with  any  known  species  or  genus,  and  have 
therefore  recorded  it  under  the  name  of  Cancerina  confusa ;  it  resembles 
in  some  measure  the  Cancerilla  tubulosa  discovered  by  Sir  John  Graham 
Dalyell  as  the  parasite  of  a  Starfish,  but  it  differs  from  that  Copepod  in 
several  important  points. 

In  concluding  these  introductory  remarks,  I  desire  to  acknowledge  my 
indebtedness  to  Mr.  F.  G.  Pearcey  of  the  "Garland"  and  to  Mr. 
Dannevig  for  the  valuable  gatherings  of  Crustacea  which  they  have  col- 
lected, and  which  have  yielded  so  many  interesting  species.  I  have  also 
to  thank  Mr.  H.  C.  Williamson  for  a '  few  rare  forms,  and  especially  for 
Isdiyrocerus  anguipes^  Kroyer,  which  he  discovered  in  the  Bay  of  Nigg^ 
and  of  which  there  is  no  previous  authentic  British  record. 

My  son,  Mr.  Andrew  Scott,  assisted  by  Mrs.  Scott,  has  prepared  the 
drawings  necessary  to  illustrate  several  of  the  species  described  in  the 
sequel. 

*  These  were  obtained  in  the  stomach  of  a  small  Haddock  captured  about  mzty-fiT« 
miles  south-oast  by  east  of  Sumbuiigph  Head,  Shetland,  on  JSeptember  4th,  1900. 
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CRUSTACEA. 

SUBCLASS  ENTOMOSTBACA. 

Order  I.  COPEPODA. 

Calanidjs. 

EuccUantia  elongcUus  (Dana) ;  and  EuccUanvs  crasaua,  Giesbrecht. 

I  have  at  dLffei:ent  times  during  the  past  few  years  recorded  these  two 
species  of  EucaXanvs  from  the  north-east  and  north  of  Scotland,  and  this 
year  I  have  again  to  note  their  occurrence  in  Scottish  waters,  but  from  a 
locality  different  from  those  previously  mentioned — viz.,  at  about  fifty 
miles  south-east  of  the  Fair  Island,  between  Orkney  and  Shetland.  They 
were  obtained  in  at  least  two  tow-net  gatherings  collected  on  October 
19th,  1900,  by  the  steam  trawler  "St.  Andrew."  A  number  of  specimens  of 
both  species  were  observed  in  this  gathering. 

Rhincalanus  (1)  gigas,  Brady.     (PI.  XVII.,  figs.  1-4.) 

Rhineaianus  gigas^  Brady,  Challenger  Reports,  vol.  viii.,  Copepoda, 
p.  42,  PI.  VI II.,  figs  1-11. 

Several  specimens  of  a  Rhincalanus,  apparently  belonging  to  R,  gigas, 
Brady,  were  obtained  in  one  of  the  tow-net  gatherings  collected  to  the 
eastward  of  the  Fair  Island,  in  which  the  two  species  of  Eucdlantis 
mentioned  above  were  observed.  Most  of  the  specimens  were  females, 
and  were  apparently  adult ;  about  half  a  dozen  males  were  also  observed, 
but  they  were  considerably  smaller  than  the  females,  and  appeared  to  bo 
scarcely  mature. 

The  only  apparent  difference  between  these  female  specimens  and 
R,  gigas,  Brady ,  is  in  their  size.  The  specimens  of  Rhincalanus  gtgas 
described  by  Dr.  Brady  measured  from  8*5  to  10  millimeters,  while  those 
collected  to  the  eastward  of  the  Fair  Island  were  5  mm.  in  length.  In 
these  specimens  the  fifth  pair  of  feet  in  the  female  are  identical  in  form 
and  armature  with  those  of  R,  gigas.  Figures  10  and  11  of  Plate  VIII. 
in  Dr.  Brady's  "  Challenger  "  Report  probably  represent  the  fifth  feet  and 
abdomen  of  a  male  specimen  ;  they  resemble  closely  figures  2  and  4  on 
Plate  XVII.  of  this  paper,  which  represent  similar  parts  of  one  of  the 
immature  males  in  the  collections  from  the  Fair  Island.  Figure  3  (Plate 
XVII.)  represents  the  last  thoracic  segment  and  abdomen  of  one  of  the 
female  specimens.  I  am  inclined  to  ascribe  the  Fair  Island  specimens  to  R, 
gigaSf  though  they  are  somewhat  smaller  than  those  recorded  by  Dr. 
Brady,  rather  than  to  R,  nasutvs,  Giesbrecht.  It  may  also  be  noted  in 
passing  that  R,  nasutus  is  in  some  respects,  and  especially  in  the  form 
of  the  female  fifth  feet,  not  very  unlike  R,  gigas,  Brady. 

Stephus  gyrans  (Giesbrecht). 

1892.     Mobianus  gyrans,  Giesbrecht,  Pelagischen  Copep.  d.  Golfes 

V.  Neapel,  p.  205,  PL  5,  9,  35. 
1897.     Ste^fhus  gyrans,  T  Scott,  Fifteenth  Ann.  Rept.,  Part  III., 

p.  146,  PI.  II.,  fig.  9;  PI.  Ill,  figs.  17,  18. 

This  distinct  species  was  recorded  for  Loch  Fyne  in  1897,  and  up  till 
last  ye^r  this  was  the  only  Scottish  locality  where  Stephus  gyrans  had 
been  observed ;  now,  however,  I  am  enabled  to  record  it  from  a  second 
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locality,  also  in  the  West  of  Scotland,  viz.,  in  the  Sound  of  Mull,  where  it 
was  collected  by  the  "Garland"  in  72  fathoms  on  March  Slst,  1900. 
This  record  shows  that,  though  the  species  may  be  rare,  its  distribution  in 
Scottish  waters  is  probably  fairly  extensive. 

JEtidiuB  armatus,  G.  S.  Brady. 

A  few  ■  specimens  of  this  curious  species  were  obtained  in  tow-net 
gatherings  collected  to  the  eastward  of  the  Fair  Island  in  October,  1900, 
but  they  were  all  females,  aud  in  connection  with  this  it  is  interesting  to 
note  that  the  specimens  in  the  collections  made  by  H.M.S.  "  Research  " 
in  the  Shetland-Faroe  Channel  in  July  and  August,  1896,  were  also  all 
females.*  In  .^tidius  armatus  the  bifid  rostrum  with  its  stout  spine-like 
branches,  which  projects  from  the  front  of  the  head  at  nearly  right 
angles  to  the  body,  appears,  when  seen  in  profile,  not  unlike  the  beak  of  a 
bird.  It  was  this  character  of  the  rostrum  which  suggested  to  Dr.  Brady 
the  name  of  the  genu8.t 

Bradyidius  armahu,  Vanhoffen. 

This  species  was  collected  with  the  tow-net  in  October,  1900,  off  the 
Fair  Island. 

Seolecithrix  hibemica,  A.  Scott. 

This  species,  which  was  discovered  in  the  Irish  Sea  by  my  son,  and 
which  has  been  observed  in  the  Firth  of  Clyde  and  the  Moray  Firth  by 
myself,  has  now  to  be  recorded  from  a  new  station — viz.,  about  fifty 
miles  south-south-east  of  the  Fair  Inland,  between  Orkney  and  Shetland. 
It  occurred  in  a  gathering  collected  with  a  tow-net  fixed  to  the  head  of 
one  of  the  trawls  of  the  steam  trawler  "St.  Andrew,"  on  October  16th, 
1900,  while  that  vessel  was  engaged  in  carrying  on  the  investigations 
referred  to  in  the  preliminary  remarks.  This  is  the  farthest  north  of 
any  of  the  localities  where  S.  hibemica  has  yet  been  observed. 

Cbmtropaqid^ 
Centropages  typicuSf  Krbyer. 

Specimens  of  this  species  were  obtained  in  Lerwick  Bay,  Shetland, 
by  the  steam  trawler  "  St.  Andrew  "  while  at  anchor  there  in  October 
last.  It  was  also  observed  to  be  moderately  frequent  off  the  Fair  Island 
on  the  1 9th  of  the  same  month. 

Geniropages  hamcUus  (Lilljeborg). 

This  Centropages  occurred  in  a  tow-net  gathering  collected  in  Lerwick 
Harbour  about  the  same  time  as  the  specimens  of  C.  typicua  were 
collected. 

Eurytemora  afinis  (Poppe). 

This  Copepod  occurred  in  great  abundance  in  some  of  the  hatching 
boxes  at  the  Sea -Fish  Hatchery  at  Bay  of  Nigg,  at  the  end  of  the  hatching 
season  last  year  (1900). 

*  Notefl  on  tho  Animal  Plankton  from  H.M.S.  **  Research."    FifUenth  Ahnual  Report 
of  the  Fishery  Board  Jor  Scotland,  Part  III.,  p.  313  (1897). 
t  Report  on  the  Copepoda  collected  by  H.M.S.  '^Challenger,"  p.  75. 
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Metridia  lucens,  Boeck. 

This  species  was  taken  with  the  surface  tow>aet  in  Lerwick  Bay  on 
October  15th,  1900.  It  was  also  obtained  in  a  tow-net  gathering 
collected  about  fifty  miles  south-east  of  the  Fair  Island  on  the  19th  of 
the  same  month.  M.  lucens  is  not  only  smaller  than  Metridia  longa 
(Lubbock),  but  the  structure  of  the  fifth  feet  is  different. 

Paramisophi'ia  clidhiv,  T.  Scott. 

P,  dtUhWf  which  was  described  in  Part  III.  of  the  Fifteenth  Annual 
Report  of  the  Fishery  Board  for  Scotland,  has  only  hitherto  been  recorded 
for  Loch  Fyne,  Firth  of  Clyde ;  I  have  now  to  record  the  species  from  the 
Cromarty  Firth.  It  occurred  in  some  material  collected  there  on  January 
17th,  1900,  and  forwarded  from  the  Fishery  steamer  ** Garland''  to  the 
Laboratory  at  Bay  of  Nigg. 

Candaciid^. 
Gandacia  pectinataj  G.  S.  Brady. 

This  species  was  observed  during  the  past  year  not  only  in  tow-net 
gatherings  from  the  Clyde  and  the  Moray  Firth,  but  also  in  one  or  two 
gatherings  collected  in  October  to  the  eastward  of  the  Fair  Island,  between 
Orkney  and  Shetland,  and  also  in  Lerwick  Bay.  The  distribution  of 
C,  pedinata  would  thus  seem  to  be  co-extensive  with  the  British  Islands. 

PoNTKLLIDiE. 

Anamalocera  paternonii,  Templeton. 

A  number  of  specin>ens  of  this  fine  species  occurred  in  one  of  the  tow- 
net  gatherings  collected  to  the  eastward  of  the  Fair  Island  on  October 
19th.  These  specimens  appeared  to  be  even  more  highly  coloured  than 
those  observed  in  the  Clyde  and  the  Moray  Firth. 

Acartia  discaudaia^  Giesbrecht. 

The  only  Scottish  locality  where,  till  recently,  1  have  observed 
Acartia  discaudaia  is  the  Firth  of  Forth,  but  I  have  now  to  record  it 
from  other  two  stations,  from  both  of  which  specimens  have  been  sent  to 
the  Laboratory  at  Bay  of  Nigg  from  the  '^  Garland.'  At  one  of  these 
stations — viz..  Loch  £il,  at  the  head  of  Loch  Linnhe — specimens  of 
A,  discauduta  were  dredged  in  10  to  30  fathoms  on  March  4th,  1900  ; 
while  at  the  other — viz.,  Dornoch  Firth,  near  Muckle  Ferry — the  species 
was  moderately  common  in  gatherings  collected  with  the  surface  tow-net 
between  the  16th  and  17th  of  May. 

Acartia  Infilosa,  Giesbrecht. 

A  second  species  of  Acartia — A,  bijUoea — was  obtained  in  a  tow-net 
gathering  collected  in  Lerwick  Harbour  on  October  15th,  1900,  by 
the  steam  trawler  "  St.  Andrew.''  It  may  be  mentioned  that  another 
species  of  Acartia — A,  dauHi^  Giesbrecht — was  obtained  during  the 
investigations  in  which  the  "  St  Andrew  "  was  engaged.  It  was  collected 
about  seven  miles  off  shore  between  Lerwick  and  Sumburgh  Head  on 
October  the  16th,  by  passing  the  water  from  the  donkey-pump  through 
a  tow-net.  Acartia  dausii  occurred  also  in  tow-net  gatherings  collected 
to  the  eastward  of  the  Fair  Island  on  the  19th  of  the  same  month. 
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Ctolopid^. 

PterinopByllua  insignia^  G.  S.  Brady. 

A  few  specimens  of  this  somewhat  rare  species  were  obtained  in  some 
material  collected  in  the  Moray  Firth  about  thirteen  or  fourteen  miles 
north-east  of  Buckie,  in  about  50  to  55  fathoms,  on  November  3rd,  1900 ; 
one  or  two  of  them  were  females,  and  carried  small  roundish  ovi-sacs, 
— these  are  the  first  specimens  of  Pterinopeyllus  which  I  have  seen 
carrying  eggs. 

Gydopina  gracil%8j  Glaus. 

Specimens  of  this  small  but  distinct  species  were  obtained  in  the  store 
pond  of  the  Sea- Fish  Hatchery  at  Bay  of  Nigg  on  October  Ist,  1900. 

Gydopina  longifurcata,  T.  Scott  (sp.  n.).     (PL  XVII^  figs.  5-14.) 

Beacrtption  of  the  female. — In  this  species  the  body  is  moderately 
stout,  the  forehead  is  narrowly  but  evenly  rounded,  and  the  abdomen  is 
slender  and  elongated ;  the  caudal  forca  are  very  long  and  somewhat 
lamelliform,  being  rather  more  than  half  the  length  of  the  abdomen ;  the 
entire  length  of  the  animal  from  the  forehead  to  the  end  of  the  furca  is 
about  1*56  mm.  (about  j^  of  an  inch)  ;  (fig.  5). 

The  antennules  (fig.  o)  are  slender  and  about  as  long  as  the  cephalic 
segment;  they  appear  to  be  composed  of  twenty-six  joints,  and  are 
sparingly  setiferous ;  all  the  joints  are  short,  but  the  ultimate  and  pen- 
ultimate joints  are  rather  longer  than  the  others  ;  the  formula  shows  the 
number  and  approximate  proportional  lengths  of  all  the  joints : — 

Number  of  the  jointa,     ....    1  .  2  .  3  .  4  .  6  .  6  .  7  .  8  .  9  .  10  .  11  .  12 
Proportional  lengths  of  the  joints,  11.  4.  4.  3.  3.  3.  4.  5.  6.   4.5.4 

No.  of  joints,    13  .  14  .  16  .  16  .  17  .  18  .  19  .  20  .  21, .  22  .  23  .  24  .  25  .  26 
Pro.len.of  jt8.,5   .6.7.9.9.8.9.  10  .   8   .   7   .   8   .   6   .  12  .  13 

The  antennas  are  four-jointed,  the  joints  are  sub-equal  and  of  moderate 
length,  the  third  and  fourth  joints  carry  one  or  two  long,  slender,  plain 
setae  at  their  distal  extremities,  the  first  joint  is  furnished  with  a  few 
plumose  hairs,  three  of  which  spring  from  a  small  tubercle  situated  near 
the  distal  end  of  the  outer  margin,  as  shown  in  the  figure  (fig.  7).  This 
tubercle,  with  its  fascicle  of  three  plumose  setas,  is  probably  a  rudimentary 
secondary  branch. 

The  mandibles  are  moderately  stout,  and  provided  with  well-developed 
two-branched  palps,  the  branches  of  which  arise  from  a  moderately  stout 
basal  joint,  the  upper  branch  is  two-  but  the  lower  is  four-jointed,  both 
branches  carry  several  .long  plumose  setae  (6g.  8).  The  mandibles  of  this 
species  have  a  general  resemblance  to  those  of  Cydopina  littoralis,  G.  S. 
Brady. 

The  maxillae,  which  are  small,  possess  a  distinctly  two-branched  palp, 
both  branches  of  which  are  furnished  with  long  plumose  setae,  the 
manducatory  lobe  bears  on  its  inner  distal  aspect  one  or  two  moderately 
stout  and  several  small  setae,  all  of  which  are  plumose  (fig.  9). 

The  first  maxillipedes  resemble  those  of  Cydopina  littoraliSy  they 
are  moderately  stout,  apparently  six-jointed,  but  though  the  basal  joints 
are  dilated,  the  end  ones  are  small ;  the  marginal  lobe-like  processes  of 
the  second  and  third  joints  are  each  armed  with  a  moderately  stout  and 
long  claw-like  spine  and  a  few  setae,  while  a  number  of  stout  plain  setss 
spring  from  the  margins  and  apex  of  the  three  end-joints  (fig.  10). 

The  second  maxillipedes  are  also  somewhat  similar  to  those  of  Cydopina 
littoralie.   The  first  and  second  joints  are  elongated  and  moderately  stoat ; 
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iu  the  first  the  inner  margin  is  slightly  lobate  towards  the  distal  end,  and 
oue  or  two  moderately  stout  seta  spring  from  the  rounded  apex  of  each 
lobe ;  the  gently  rounded  inner  margin  of  the  second  joint  is  fringed  with 
minute  hairs,  and  carries  one  or  two  setee  near  its  distal  end ;  the  remaining 
five  joints  are  small,  the  end  one  is  provided  with  two  short  and  two  long 
terminal  setae,  a  long  seta  also  springs  from  the  inner  aspect  of  the  pen- 
ultimate joint,  while  the  three  preceding  joints  are  furnished  with  a  few 
setee  as  shown  by  the  drawing  (fig  11). 

The  first  four  pair  of  swimming  feet  are,  each  of  them,  two-branched 
and  both  branches  are  three-jointed.  The  outer  branches  of  the  first  pair 
have  their  exterior  margins  armed  with  elongated  spines  arranged  as 
follows : — One  near  the  distal  end  of  the  first  joint,  one  on  the  second 
joint,  three  on  the  margin  and  one  (larger  than  the  others)  at  the  end  of 
the  third  joint ;  a  single  long  plumose  seta  springs  also  from  the  inner 
margins  of  the  first  and  second  joints,  and  four  from  the  inner  edge  of  the 
third  joint.  The  first  and  second  joints  of  the  inner  branches  have  no 
setae  or  spines  on  the  outer  margin,  but  the  .first  joint  bears  one  and  the 
second  two  setae  on  the  inner  edge,  while  the  third  joint  bears  one  seta 
near  the  middle  of  the  outer  margin,  three'  on  the  inner  margin,  and  two 
at  the  apex.  The  armature  of  the  other  three  pairs  of  sv^imming  feet  is 
somewhat  similar  to  that  of  the  first,  except  that  the  third  joint  of  the 
outer  branches  of  the  fourth  pair  carries  five  setae  on  the  inner  margin ; 
moreover,  in  the  fourth  pair  the  third  joint  in  both  branches  is  propor- 
tionally rather  more  elongated,  being  about  equal  to  the  entire  length  of 
the  first  and  second  joints  combined  (figs.  1^,  13).  The  spines  on  the 
outer  margins  of  the  outer  branches  iu  all  the  four  pairs  are  of  a  sabre- 
like form,  with  the  edges  minutely  serrated. 

The  fifth  pair  of  thoracic  feet  are  each  composed  of  a  single  two- jointed 
branch,  the  first  joint  is  somewhat  dilated,  being  about  as  broad  as  long, 
but  the  second  is  narrow  and  moderately  elongated,  and  furnished  with 
Hve  setae,  one  being  situated  near  the  middle  of  the  outer  margin,  and 
four  around  the  distal  end  (fig.  14). 

Habitat. — In  the  stomach  of  a  small  Haddock,  GatUu  cogleftnus,  L., 
88mm.  (about  3^  inches)  in  length,  captured  65  miles  east  by  south  of 
Sumburgh  Head,  Shetland,  September  4th,  1900,  by  the  steam  trawler 
"  Si.  Andrew." 

Remarks. — The  species  now  described  agrees  in  some  of  its  more  impor- 
tant characters  with  the  genus  Ch/dapina  of  Glaus ;  but  in  that  genus  the 
antennules  are  described  as  being  shorter  than  the  cephalic  segment, 
while  the  number  of  joints  in  those  of  the  species  hitherto  recorded 
is  not  more  than  twenty-two  or  twenty-three;  in  0.  longijvrcata,  on 
the  other  hand,  the  antennules  are  not  only  as  long  as  the  cephalic 
segment,  but  they  are  also  apparently  twenty-six-jointed ;  then  again 
the  antennae  of  Gydopina  are  described  as  four-jointed,  but  the  third 
joint  is  very  short,  whereas  in  our  specimen  the  third  is  as  long  as 
the  fourth  joint.  Notwithstanding  these  and  one  or  two  other  minor 
differences,  the  specimen  seems  to  be  a  true  Gydopina,  Only  the  one 
specimen  was  observed ;  and  as  it  was  apparently  quite  uninjured,  it  had 
probably  only  been  a  short  time  in  the  Haddock's  stomach  before  the 
Haddock  itself  was  captured. 

AsCIDICOLIDiE. 

(1)  Enteropsis  vararensiSf  T.  Scott  (sp.  n.).      (PI.  XVII.,  figs.  28-34.) 

Description  of  the  female. — Length  1*2  mm.  (about  ^  of  an  inch). 
Body  robust,  cylindrical,  slightly  recurved.     The  cephalon  is  very  small. 
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and  the  cephalic  appendages  are  therefore  somewhat  crowded  together  near 
the  anterior  end  and  on  the  ventral  aspect  of  the  body.  The  thorax  exhibits 
a  slightly  articulated  structore,  but  there  is  no  apparent  segmentation  of 
the  abdomen,  this  part  of  the  body  is  not  differentiated  from  the  thorax ; 
the  caudal  appendages  are  very  small  (fig.  28). 

The  antennules  are  very  short  and  moderately  stout;  they  taper 
towards  the  distal  end,  and  are  each  composed  of  three  joints  of  nearly 
equal  length,  and  bear  three  short  terminal  spines,  but  are  otherwise 
unprovided  with  spines  or  setae  (fig.  29). 

The  antenna)  are  simple,  and  are  each  composed  of  two  dilated  joints 
and  armed  with  a  strong  terminal  claw  ;  there  are  no  secondary  branches 
(fig.  30). 

The  mandibles  are  of  moderate  length,  and  they  each  consist  of  a 
stout  and  slightly  curved  claw-like  appendage ;  there  does  not  appear  to 
be  a  mandible-palp  (fig.  31). 

The  maxillae,  which  are  of  a  simple  structure,  appear  to  be  two-jointed, 
the  basal  joint  is  stout,  but  the  end  one  consists  of  a  somewhat  narrow 
and  elongated  plate,  rounded  and  slightly  crenulate  at  the  extremity 
(fig.  32). 

Only  one  pair  of  maxillipedes  could  be  made  out,  and  these  are  very 
rudimentary ;  they  each  consist  of  a  slightly  elevated  and  broadly  rounded 
prominence  armed  with  a  small  apical  spine  (fig.  33). ' 

The  thoracic  feet  comprise  four  pairs,  they  are  very  small  but  com- 
paratively stout,  and  appear  to  be  all  more  or  less  uniform  in  structure. 
Each  foot  is  composed  of  a  single  two-jointed  branch,  both  joints  are 
somewhat  dilated,  but  the  end  one  is  much  smaller  than  the  other,  and  is 
armed  with  two  short  and  apparently  movable  terminal  spines  (fig.  34). 
The  position  of  the  first  pair  is  somewhat  abnormal,  they  are  not  in  line 
with  the  other  three  pairs,  as  is  more  or  less  usually  the  case  with  free- 
living  species,  but  are  situated  round  towards  the  lateral  aspect;  this 
position  of  the  first  pair  does  not  appear  to  be  accidental,  but  has  been 
observed  in  the  other  specimens  examined. 

It  will  also  be  observed  that  the  genital  opening  is  situated  on  the 
dorsal  aspect  of  the  abdominal  part  of  the  body  (see  fig.  28). 

Habit-at, — In  the  branchial  chambers  of  a  compound  Ascidian  {Bot- 
njlliM  sp.),  associated  with  BotryUophilus  (?)  ruber ;  not  very  common. 
The  BotrylluB  was  dredged  in  the  Moray  Firth  in  1896. 

Remarks, — This  species,  if  not  a  true  EnteropHs,  is  very  closely  allied 
to  that  genus.  The  most  important  point  of  difference  seems  to  be  the 
apparent  absence  of  a  mandible-palp.  If  the  presence  of  this  appendage 
is  clearly  established  in  the  other  members  of  the  species  Enteropsie^  the 
one  now  described  may  have  to  be  removed  to  some  other  genus  or  a  new 
one  instituted  for  its  reception. 

BotryllophUus  (1)  ruber,  Hesse.     (PI.  XVII.,  figs.  15-27.) 

1864.     BotryllophUus  ruber y  Hesse,  Ann.  Sci.  Nat,  Zool.  (5),  t.  i., 
PI.  XII.,  figs.  1-7. 

1900.     BotryllophUus  (?)  ruber,  T.  Scott,  18th  Ann.  Kept.  Fishery 
Board  for  Scot.,  Part  III.,  p.  388. 

In  my  paper  "  Notes  on  some  gatherings  of  Crustacea,"  published  in 
Paper  III.  of  the  Eighteenth  Annual  Report,  I  recorded  the  occurrence  of  a 
BotryllophUus,  in  the  Clyde  and  the  Moray  Firth,  under  the  name  of  Bot- 
ryllophUus (1)  ruber,  Hesse,  but  only  the  females  had  at  that  time  been 
observed.  In  colisequence  of  further  research  I  am  able  to  give  a  more 
detailed  description  of  the  species  than  was  done  last  year,  and  to  include 
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in  it  an  account  of  the  male  as  well  as  of  the  female.  In  my  previous 
record  of  the  species  I  stated  that  one  of  the  peculiarities  of  BotryllophUus 
was  "  the  almost  constant  existence  of  a  single  ovigerous  sac  of  a  strictly 
spherical  form  sheltered  between  the  fifth  feet."  I  now  find  that  this  sac 
in  the  specimens  observed,  both  in  the  Clyde  and  the  Moray  Firths,  is 
really  composed  of  two  sacs,  partly  adherent  to  each  other  and  so  closely 
joined  es  to  appear  as  if  they  formed  but  a  single  globular  mass. 

Description  of  the  female, — Length  of  the  specimen  figured,  1*16  mm. 
(about  ^  of  an  inch).  The  cephalothorax,  which  terminates  anteriorly  in 
a  short  bluntly  rounded  rostrum,  is  somewhat  narrow  in  front,  but 
becomes  gradually  dilated  towards  the  posterior  end  and  especially  on  the 
dorsal  aspect.  Scarcely  any  trace  of  segmentation  can  be  made  out  in 
the  cephalothoracic  region,  but  this  is  probably  due  to  the  fact  that  the 
Botryllus  in  which  the  specimen  was  obtained  had  been  for  several  years 
(since  1896)  preserved  in  alcohol.  The  abdomen  is  narrow  and  elongated, 
but  is  rather  shorter  than  the  cephalothorax  (fig.  15). 

The  antennules  are  very  short  and  composed  of  four  joints,  the  first  is 
considerably  dilated,  the  second  is  moderately  stout  but  much  smaller 
than  the  first ;  the  third  and  fourth  are  small ;  the  antennules  are 
furnished  with  a  number  of  long  and  moderately  stout  setse,  which  appear 
to  be  devoid  of  feathering  (fig.  17). 

The  antennffl,  which  are  two-jointed,  are  comparatively  long  and  slender 
and  of  nearly  equal  thickness  throi^ghout,  they  are  each  composed  of  two 
(or  (1)  three)  joints;  the  end  joint  is  provided  with  three  stout  spines  on  its 
inner  margin,  and  a  few  spines  and  set®  at  the  apex,  the  other  joints 
appear  to  be  unarmed  (fig.  18).  The  antennas  are  not  provided  with 
secondary  branches. 

The  mandibles  and  maxillae  appear  to  be  obsolete  or  very  rudimentary. 

The  first  maxillipedes  are  small  and  feeble,  they  are  each  composed  of 
three  joints,  the  second  and  third  joints  are  sub-equal  and  rather  smaller 
than  the  first ;  the  first  joint  is  unarmed,  the  second  bears  two  or  three 
spine-like  setae  on  its  inner  aspect,  and  the  third  is  provided  with  a  few 
terminal  setae  of  unequal  lengths,  the  outermost  being  considerably  longer 
than  any  of  the  others  (fig.  19). 

The  second  maxillipedes  are  short  but  somewhat  robust^  the  basal  joint 
is  moderately  distended,  and  larger  than  the  second  one,  the  third  joint 
is  very  small,  the  end-joint  is  narrow  and  fully  twice  the  length  of  the 
third  and  bears  a  short  but  strong  terminal  claw  (fig.  20). 

TJie  thoracic  feet, — All  the  thoracic  feet,  with  the  exception  of  the  fifth 
pair,  are  short  and  robust  and  composed  of  two  branches.  In  the  first 
and  second  pairs,  the  inner  branches  are  very  short  and  two-jointed; 
about  eight  plumose  setsB  of  moderate  length  spring  from  the  rounded 
apex  of  the  second  joint,  and  one  from  the  inner  margin  of  the  first  joint 
The  outer  branches,  which  appear  to  be  uniarticulate,  are  rather  longer 
than  the  inner  ones  and  are  armed  with  a  few  small  marginal  and  apical 
spines,  as  shown  in  the  drawing  (fig.  21).  In  the  third  and  fourth  pairs 
the  outer  as  well  as  the  inner  branches  are  two-jointed ;  the  inner  branches, 
which  are  somewhat  alike  in  both  pairs,  are  rather  longer  than  those  of 
the  first  pair,  but  their  armature  is  somewhat  similar,  except  that  the  end- 
joints  bear  six  instead  of  eight  plumose  setae ;  the  outer  branches  of  the 
third  pair  are  somewhat  similar  to  those  of  the  first  except  that  there  is 
an  articulation  between  the  two  proximal  marginal  spines,  dividing  the 
branches  into  two  joints  (fig.  22) ;  the  outer  branches  of  the  fourth  pair 
are  less  robust  than  the  inner  branches,  but  are  nearly  equal  to  them  in 
length ;  a  single  small  seta  springs  from  near  the  end  of  the  outer  margin 
of  the  first  joint,  while  the  second  is  furnished  with  four  apical  and  sub- 
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apical  setsB,  the  two  outer  sub-apical  setse  are  small,  but  the  other  two  are 
moderately  stout  aud  unequal  in  length,  the  inner  one  being  the  longest^ 
both  are  feathered  on  the  distal  half  (fig.  23).  Each  foot  of  the  fifth 
pair  consists  of  a  single  uniarticulated  branch,  elongated  and  somewhat 
slender  and  spine-like ;  this  pair,  instead  of  being  situated  on  the  ventral 
aspect,  which  is  the  usual  position  in  the  majority  of  Copepods,  are  placed 
well  round  towards  the  back,  and  are  probably  utilised  for  supporting 
between  them  the  egg-sacs  which  combine  to  form  a  globular  mass  on  the 
dorsal  aspect  of  the  genital  segment  of  the  abdomen.  This  globular  mass 
is  easily  detached,  and  would  be  even  more  so  were  it  not  supported  and 
kept  in  position  by  the  fifth  feet  (fig.  15). 

The  first  segment  of  the  abdomen  is  of  moderate  size,  but  the  other 
segments  are  small;  the  caudal  furca  are  very  short  and  somewhat 
divaricate. 

Description  of  the  male, — ^The  male  is  about  half  the  size  of  the  female, 
being  only  *825  mm.  (about  the  ^  of  an  inch)  in  length.  The  cephalo- 
thorax  is  distinctly  segmented,  and  of  a  somewhat  oval  outline,  the 
cephalic  segment  is  moderately  large,  being  eqaal  to  about  two-fifths  the 
entire  length  of  the  cephalothorax,  but  the  thoracic  segments  are  small. 
The  genital  segment  of  the  abdomen  is  somewhat  dilated,  and  equal  to 
about  half  the  entire  length  of  the  nemaining  segments  and  the  caudal 
furca  combined,  the  posterior  portion  of  the  abdomen  is  composed  of  what 
appear  to  be  seven  or  eight  distinct  articulations,  but  with  the  exception 
of  the  ultimate  segment  they  are  for  the  most  part  very  small ;  the  caudal 
furca,  which  are  scarcely  equal  in  length  to  the  last  abdominal  segment, 
are  each  provided  with  a  small  seta  near  the  base  of  the  outer  margin  in 
addition  to  a  few  short  apical  set«B  (fig.  16). 

The  antennules  are  very  short  and  four-jointed,  the  first  joint  is  mode- 
rately large  and  somewhat  inflated,  numerous  delicate  hairs  spring  from 
its  rounded  upper  surface,  as  shown  in  the  drawing  (fig.  24).  The 
remaining  joints  are  small,  the  second  one  and  the  last  are  furnished  with 
several  delicate  hairs  similar  to  those  on  the  first  joint. 

The  thoracic  feet, — The  first  four  pairs  of  thoracic  feet  are  all  two- 
branched,  and  the  outer  branches  are  all  three-jointed  and  armed  on  their 
exterior  margins  with  strong  sabre-like  spines,  the  first  and  second  joints 
being  each  furnished  with  one  of  these  spines,  and  the  third  joints  with 
three,  except  that  the  third  joints  of  the  first  pair  carry  four  spines ;  in  all 
the  outer  branches  the  terminal  spines  are  considerably  larger  than  the 
others.  Moreover,  in  the  outer  branches  of  all  the  four  pairs,  the  inner 
margins  of  the  first  joints  appear  to  be  devoid  of  spines  or  setsB,  but  the 
second  joints  are  each  provided  with  one  plumose  seta  on  the  inner 
margin ;  on  the  other  hand,  the  third  joints  of  the  outer  branches  of  the 
first  pair  have  only  four  plumose  setae  on  their  inner  margin,  while  on 
the  inner  margin  of  the  third  joints  of  the  next  three  pairs  there  are  five 
plumose  setae,  so  that  though  the  outer  branches  of  the  first  pair  have 
one  spine  more  than  the  other  three  pairs,  the  number  of  setae  is  corres- 
pondingly fewer. 

But  although  all  the  four  pairs  of  thoracic  feet  are  somewhat  similar  as 
regards  the  structure  and  armature  of  the  outer  branches,  a  considerable 
divergence  is  observable  when  the  inner  branches  are  compared.  In  the 
first  pair  of  feet  the  inner  branches  are  composed  of  a  single  small  bat 
somewhat  tumid  joint  bearing  one  or  two  claw-like  spines  (fig.  25).  In 
the  second  and  third  pairs  the  inner  branches  are  three-jointed,  but  con- 
siderably shorter  than  the  outer  branches ;  in  each  of  the  inner  branches 
the  first  joint  bears  one  and  the  second  and  third  two  moderately  elon- 
gated plumose  setae,  in  addition  to  two  small  sabre-like  terminal  spines 
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(fig.  26).  In  the  fourth  pair  the  inner  branches  are  two-jointed,  and  not 
much  more  than  half  the  length  of  the  outer  branches ;  a  moderately  long 
plumose  seta  springs  from  the  inner  margin  of  the  first  joint,  and  three 
similar  setae  from  the  inner  margin  of  the  second  joint;  the  inner  branches 
are  also  provided  with  two  small  apical  spines  (fig.  27). 

Remarks. — It  is  probable  that  the  species  described  above  may  be  new 
to  science,  as  it  does  not  agree  very  satisfactorily  with  any  described  species 
known  to  me;  but  in  the  meantime  I  prefer  to  place  it  under  the  Botryllo- 
philus  ruber  of  Hesse,  with  which  it  agrees  in  some  of  its  more  characteristic 
features. 

HARPACTIOIDiE. 

Longii)edia  minora  T.  and  A.  Scott. 

Specimens  of  this  Copepod  were  obtained  in  a  gathering  collected  at 
72  fathoms  in  the  Sound  of  Mull,  on  March  31st,  1900.  There  can  be 
no  reasonable  doubt  as  to  there  being  two  distinct  forms  of  Longipedia, 
a  larger  (L.  coronata,  Glaus),  and  a  smaller  (L.  minor,  T.  and  A.  Scott), 
for  ova-bearing  femtiles  of  both  are  occasionally  obtained.  Whether  the 
smaller  form  should  be  regarded  as  a  species  or  a  variety  is  a  question 
that  is  comparatively  unimportant;  the  two  terms  are  in  not  a  few  instances 
convertible,  as  their  use  depends  to  a  large  extent  merely  on  one's  opinion 
as  to  the  value  that  should  be  placed  on  certain  observed  differences  either 
in  structural  details  or  otherwise. 

Canuella  jjerplexa,  T.  and  A.  Scott. 

This  fine  species  was  obtained  in  tow-net  gatherings  collected  In  Dornoch 
Firth,  near  Muckle  Ferry,  on  May  19th,  1900.  This  is  a  new  station 
for  Canuella  perplexa. 

Eucanuellu,  T.  Scott  (gen.  nov.). 

Eucanuella  is,  in  some  respects,  not  unlike  Longipedia,  Glaus,  but  is 
somewhat  intermediate  in  structure  between  that  genus  and  Canuella. 
Eucanuella  differs  from  both  of  the  genera  named  in  the  structure  of 
the  antennae,  of  the  maxillae  and  of  the  second  maxillipedee,  and  to  some 
extent  in  that  of  the  first  thoracic  feet ;  it  agrees  with  CanueUa  in  the 
structure  of  the  second,  third,  and  fourth  pairs  of  feet,  and  to  some  extent 
in  that  of  the  first  pair,  but  differs  in  that  of  the  fifth  pair ;  it  agrees 
with  Longipedia  in  the  structure  of  the  third,  fourth,  and  fifth  pairs  of 
thoracic  feet,  and  to  some  extent  in  that  of  the  first  pair,  but  differs  in 
that  of  the  second  pair.  As  there  is  but  the  one  species  of  Eucanuella,  a 
detailed  description  of  the  various  points  referred  to  will  be  found  in  the 
specific  definition. 

Eucanuella  sinnifera,  T.  Scott  (sp.  n.).     (PL  XVIII.,  figs.  1-10.) 

Descrii/tion  of  the  female, — Body  elongated,  moderately  stout,  gradually 
tapering  towards  the  extremity  of  the  aMomen;  length,  1*33  mm.  (about 
^^  of  an  inch).  The  forehead  terminates  in  a  broadly  conical  rostrum, 
the  apex  of  which  is  rounded.  The  first  cephalothoracic  segment  is  about 
as  long  as  broad,  and  equal  to  fully  the  entire  length  of  the  remaining 
segments  of  the  thorax,  which  are  all  moderately  short.  The  posterio- 
lateral  angles  of  the  fourth  joint  of  the  thorax  and  the  first  joint  of  the 
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abdomou  are  produced  backward  into  distinct  tooth-like  processes.  The 
caudal  furca  are  moderately  stout  and  rather  longer  than  the  last  abdo- 
minal segment  (fig.  1). 

The  antennules  are  short  and  seven-jointed,  and  also  moderately 
setiferous ;  the  first  four  joints  are  moderately  large  and  tumid,  but  the 
last  three  are  very  small ;  the  second  joint  is  armed  with  a  short  conical 
tooth  on  its  exterior  aspect,  and  a  stout  and  elongated  plumose  seta  springs 
from  the  interior  distal  angle  of  the  fourth  joint  (fig.  2).  The  formuJa 
shows  the  proportional  lengths  of  the  joints  of  the  antennules : — 

Numbers  of  the  joints,    .        .        .1.2.3.4.5.6.7 


Proportional  lengths  of  the  joints, .     13     .      7      .     16     .      9      .      4      .      4      .       9 

The  antennas, — The  primary  branches  of  the  antenna  are  three-jointed, 
the  joints,  which  are  sub-equal  in  length,  are  moderately  elongated,  a 
secondary  four-jointed  branch  is  articulated  to  the  distal  end  of  the  first 
and  is  nearly  equal  to  it  in  length ;  the  last  three  joints  of  the  secondary 
branches  are  small  and  their  entire  length  scarcely  exceeds  that  of  the 
preceding  joint.  Both  branches  of  the  antennae  are  provided  with  a 
number  of  plumose  setse  of  moderate  length  (fig.  3).  In  Longipedia  and 
GanueUa  the  antennae  differ  from  those  just  described,  not  only  in  the 
character  of  the  basal  joints  and  in  the  manner  in  which  the  secondary 
branches  are  hinged  to  them,  but  also  in  the  secondary  brancheSj  in  both 
being  six-  instead  of  four-jointed. 

The  mandibles  are  moderately  stout,  sub-cylindrical,  and  truncate  at  the 
apex,  each  mandible  is  armed  with  several  coarse  apical  teeth,  and  pro- 
vided with  a  well-developed  two-branched  palp  ;  the  branches  of  the  palp 
are  supported  on  a  slightly  tumid  basal  joint ;  the  terminal  branch  appears 
to  be  uuiarticulate,  but  the  posterior  branch  is  composed  of  about  four 
joints,  the  three  end  ones  of  which  are  minute,  both  branches  are  mode- 
rately setiferous  (fig.  4). 

The  maxillsB  are  each  furnished  with  a  distinct  manducatory  lobe 
armed  with  several  moderately  long  and  awl-shaped  apical  spines ;  the 
palp  is  obscurely  two-branched  and  turned  toward  the  same  side  as  the 
manducatory  process,  it  is  also  furnished  with  a  number  of  slender  and 
moderately  elongated  setse  (tig.  5). 

The  first  maxillipedes  are  robust  and  somewhat  similar  in  structure  to 
those  of  CanueUa  (fig.  6). 

The  second  maxUlipedes  are  smaller  than  the  first  pair,  and  are 
apparently  four-jointed  ;  the  first  joint  is  larger  than  the  other  three  com- 
bined, but  the  third  and  fourth  are  very  small.  These  maxillipedes  are 
armed  with  several  stout  and  spiniform  marginal  setse  and  two  or  three 
elongated  spines,  two  spines  at  the  end  and  on  the  inner  aspect  of  the 
first  joint  have  a  fringe  of  minute  hairs  along  the  interior  edge,  while 
another  at  the  end  of  the  second  joint  is  lancet-shaped,  and  has  both 
margins  of  the  distal  half  minutely  serrated  (fig.  7). 

The  thoracic  feet.  —The  first  four  pairs  of  thoracic  feet  are  each  com- 
posed of  two  branches,  and  both  branches  are  three-jointed.  The  outer 
branches  of  the  first  pair  are  considerably  more  elongated  than  the  inner 
branches,  and  they  are  also  more  robust,  they  are  armed  with  moderately 
elongated,  stout,  and  spiniform  marginal  and  terminal  setae ;  a  single  and 
somewhat  slender  plumose  seta  also  springs  from  the  inner  margin  of  each 
of  the  three  joints  of  the  outer  branches,  as  shown  in  the  figure  (fig.  8). 
The  inner  branches  are  not  much  more  than  half  the  length  of  the  outer 
ones,  they  are  composed  of  three  subequal  and  sparingly  setiferous  joints ; 
the  inner  distal  angles  of  the  first  and  second  joints  are  continued  into 
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tooth-like  projections.  A  strong  spine  with  ciliated  edges  extends  down- 
wards from  the  interior  distal  angle  of  the  second  basal  joint  of  the  first 
pair.  The  second,  third,  and  fourth  pairs  are  very  similar  to  the  same 
appendages  in  Canttella^  in  each  pair  the  length  of  the  inner  and  outer 
branches  is  subequal  and  both  are  slender  and  elongated  (fig.  9).  The  fifth 
pair  are  somewhat  like  those  of  Longipedia^  in  each  foot  the  basal  joint  is 
almost  nidi  men  tary,  and  consists  of  a  narrow  plate  which  extends  laterally 
outwards  into  a  small  cylindrical  lobe,  bearing  at  its  apex  an  elongated 
and  slender  plumose  sota ;  the  secondary  branch  is  elongate-nanow  and 
sub-cylindrical,  about  four  times  longer  than  broad,  and  furnished  with 
one  long  and  plumose  terminal  seta  and  a  sub-terminal  and  shorter  one  ; 
a  small  seta  also  springs  from  near  the  middle  of  the  outer  margin. 
Interiorly  the  basal  joint  is  not  produced,  nor  does  it  appear  to  carry 
either  spines  or  setsB  (fig.  10). 

HaHtat. — Found  in  the  stomach  of  a  «jmall  Haddock  captured  about 
sixty-five  miles  south-eastward  of  Sumburgh  Head,  Shetland,  September 
4th,  1900.  Obtained  also  in  some  bottom  material  collected  with  a  tow-net 
about  fifty  miles  south-eastward  of  the  Fair  Island,  between  Orkney  and 
Shetland,  October  19th,  1900.  The  tow-net  had  touched  the  bottom,  and 
when  hauled  up  was  found  to  contain  a  quantity  of  sand,  amongst  which 
we»e  several  rare  Crustaceans.  The  vessel  on  which  these  collections  were 
made  was  the  steam  trawler  **  St.  Andrew,"  of  Aberdeen. 

Remarks, — The  species  described  above,  while  agreeing  in  some  respects 
both  with  Longipedia,  Glaus,  and  Canuellay  T.  and  A.  Scott,  presents  too 
many  points  of  difference  to  permit  of  its  being  ascribed  to  either  of  these 
two  genera.  I  have  already  drawn  attention  to  the  fact  that  the  secondary 
branches  of  the  antennas  in  Eueanuella  are  only  four- jointed,  whereas  in 
Canuella  and  Longipedia  the  secondary  branches  are  composed  of  six 
joints ;  and  it  has  also  been  shown  that  the  second  maxillipedes  in 
Eueanuella  are  more  fully  developed  than  they  are  in  either  of  these  two 
genera.  It  has  also  to  be  noted  that  whereas  in  Eucanudla  in  the 
branches  of  the  second  pair  of  thoracic  feet  the  inner  and  outer  branches 
are  about  equal  in  length,  the  inner  branches  of  the  same  pair  in 
Longipedia  are  remarkably  elongated ;  and,  further,  in  Eucanudla 
the  fifth  pair  of  feet  have  the  secondary  joint  moderately  developed 
and  somewhat  similar  in  form  and  armature  to  the  fifth  pair  in  Longipedia^ 
but  in  Canuella  the  fifth  pair  are  quite  rudimentary.  There  are  other 
points  of  difference,  but  these  are  quite  sufficient  to  distinguish 
Eueanuella  from  either  Canuella  or  Longipedia,  to  which  it  is  no  doubt 
closely  allied. 

Bradya  typica,  Boeck. 

This  species  was  obtained  in  material  dredged  in  the  Moray  Firth,  and 
examined  during  last  year. 

Bradya  hirsuta,  T.  and  A.  Scott. 

One  or  two  specimens  of  this  distinct  species  were  obtained  in  the 
same  gathering  as  the  last ;  it  is  a  moderately  large  species  with  strongly 
divergent  caudal  furca. 

Bradya  elegans,  T.  and  A.  Scott. 

This  species  has  not  only  been  observed  in  the  Moray  Firth  along  with 
the  others  just  referred  to,  but  it  has  also  been  obtained  in  material 
dredged  by  the  "  Garland  "  in  Loch  Eil,  at  the  head  of  Loch  Linuhe,  in 
10  to  15  fathoms,  on  the  3rd  of  April  last  year, 
n 
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Brayda  aimilis,  T.  and  A.  Scott. 

Bradya  similis  has  been  obtained  during  the  past  year  in  material 
dredged  by  the  "  Grarland,"  both  in  the  Moray  Firth  and  in  45  fathoms 
off  Aberdeen  ;  this  species  is  considerably  smaller  than  Bradya  hirsuta^ 
but  the  caudal  furca  are,  as  in  that  species,  distinctly  divergent. 

TachuHus  Itttoralis,  Poppe  (1881):    [=T.  crassicomis,  T.  Scott  (1892).]* 

This  small  species,  distinguished  at  first  sight  from  T.  brevico^mis  by  ite 
short,  stout  antennules,  which  terminate  so  abruptly  that  they  appear  as  if 
the  ends  had  been  broken  off,  was  found  in  the  store-pond  of  the  Sea-Fish 
Hatchery  at  Bay  of  Nigg.  It  is  a  littoral  species,  and  its  presence 
in  the  store-pond  seems  to  indicate  that  it  may  also  occur  in  the  Bay.  It 
was  observed  in  the  pond  on  November  29th,  1900. 

Zosima  typica,  Boeck. 

This  species  was  obtained  in  some  material  dredged  in  Loch  £il,  at  the 
head  of  Loch  Linnhe,  on  April  3rd,  1900.  It  has  also  been  obtained 
during  the  past  year  in  a  gathering  of  Crustacea  from  the  Moray  Firth 
forwarded  from  the  "  Garland." 

Stenhdia  hiaptdat  G.  S.  Brady. 

This  fine  species  occurred  in  the  same  gathering  from  Loch  £il  in 
which  the  Zosima  was  obtained  ;  although  the  species  appears  to  have  a 
fairly  extensive  distribution,  and  is  occasionally  obtained  in  moderate 
numbers,  it  seems  nevertheless  to  be  somewhat  local. 

Stenhelia  intermedia,  T.  Scott. 

This  species,  which  was  described  in  Part  III.  of  the  Fifteenth  Annual 
Report  from  specimens  obtained  in  Kilbrennan  Sound,  Firth  of  Clyde, 
has  been  obtained  also  in  the  Moray  Firth,  having  occurred  very  sparingly 
in  some  dredged  material  sent  from  the  **  Garland." 

Ameira  longipes,  Boeck. 

This  does  not  appear  to  be  a  very  common  form,  and  I  have  only  occa- 
sionally met  with  it.  Its  distribution,  however,  seems  to  be  moderately 
extensive ;  it  was  obtained  in  a  gathering  of  dredged  material  collected  at 
72  fathoms  in  the  Sound  of  Mull,  March  31st,  1900,  and  forwarded  from 
the  **  Garland  "  to  the  Laboratory  at  Bay  of  Nigg. 

Laophonte  intermedia,  T.  Scott. 

A  number  of  LaopJiantes  have  been  observed  during  the  past  year. 
L.  intermedia  is  a  distinct  and  moderately  rare  species,  and  I  have_  now 
to  record  its  occurrence  in  the  Bay  of  Nigg,  near  Aberdeen,  where  it  was 
obtained  on  October  1st,  1900. 

Laopho7ite  dentieomis,  T.  Scott. 

This  species,  which  is  also  moderately  rare,  was  dredged  from  72 
fathoms  in  the  Sound  of  Mull,  March  31st,  1900.  The  specimens  from 
which  the  epecies  was  described  were  dredged  off  St.  Monans,  Firth  of 
Forth,  in  1 893, 

♦  Tenth  Ann,  Rept.  FUhery  Board  for  Sroilaiui,  Part  III.,  p.  260,  PI.  VIII.,  figs.  14-27 
(1892). 
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Cletodes  linearis^  Glaus. 

This  was  contained  in  a  gathering  of  Clyde  Crustacea  dredged  between 
Sanda  and  Bennan  Head  on  November  3rd,  1896,  but  only  recently 
examined.     The  species  seems  to  be  rare  in  the  British  seas. 

Cletodes  monensis,  I.  C.  Thompson. 

This  some^vhat  curious  species  was  first  made  known  to  science  by  Mr. 
I.  C.  Thompson,  of  Liverpool,  in  1 893.*  Some  time  afterwards,  but  also  in 
the  same  year,t  I  recorded  its  occurrence  in  the  Moray  Firth,  where, 
along  with  some  other  rare  Crustaceans,  it  had  been  obtained  by  washing 
lumps  of  FUograna  implexa,  which  had  been  brought  up  in  the  net  of  the 
shrimp-trawl  from  a  depth  of  about  40  fathoms,  about  five  to  seven  miles  to 
the  northward  of  Eosehearty .  On  the  present  occasion  I  have  again  to  record 
Cletodes  monensis  from  the  Moray  Firth,  but  this  time  at  about  thirteen  or 
fourteen  miles  north-east  of  Buckie ;  it  occurred  along  with  some  other 
interesting  GrustaceauR  in  a  gathering  collected  by  tow-net  which  had 
touched  bottom  at  50  to  55  fathoms,  November  3rd,  1900.  (This  gathering 
was  from  the  steam  trawler  "  St.  Andrew.")  I  have  also  to  record  the 
same  interesting  species  from  the  head  of  Loch  Eil  (at  the  upper  end  of 
of  Loch  Linnhe),  where  it  was  dredged  by  the  "Garland**  in  8  to  10 
fathoms  on  April  3rd  last  year.  This  is  the  first  time  Cletodes  monensis 
has  been  recorded  from  the  West  of  Scotland. 

Cletodes  hirstdipes,  T.  Scott. 

This  species  was  described  in  Part  III.  of  the  Fifteenth  Annual 
Report  (1897),  from  Clyde  specimens.  I  have  now  to  note  its  occurrence 
in  the  Moray  Firth  in  some  dredged  material  collected  off  Nairn  in  1898, 
but  only  recently  examined.  One  peculiarity  by  which  this  species  may 
be  distinguished  is  the  character  of  the  fifth  thoracic  feet,  the  secondary 
joints  of  which  are  laraelliform,  and  of  a  narrow-oblong  outline ;  their 
outer  edges  are  fringed  with  a  dense  border  of  short  hairs,  but  this  fringe 
is  frequently  so  coated  with  mud  that  it  becomes  necessary  to  clean  it  ere 
it  can  be  clearly  made  out. 

Cletodes  perplexa,  T.  Scott. 

This  is  a  small  species,  bnt  of  so  marked  a  character  as  to  be  readily 
distinguished  without  dissection ;  it  was  described  in  1899  in  Part  III. 
of  the  Seventeenth  Annual  Report  from  specimens  dredged  by  the  Fishery 
steamer  "  Garland  "  at  Smith  Iknk,  Moray  Firth.  I  have  now  to  record 
the  species  from  the  head  of  Loch  £il ;  it  occurred  in  the  same  gathering 
in  which  Cletodes  monenns  was  obtained.  It  was  collected  on  April  3rd, 
1900. 

Cletodes  irrasa,  T.  and  A.  Scott. 

This  appears  to  be  a  somewhat  rare  species  in  the  Copepod  fauna  of 
Scotland,  and  I  have  obtained  it  in  only  one  or  two  localities ;  it  was 
described  from  specimens  obtained  near  the  Bass  Bock,  Fiith  of  Forth,  in 
1893.     It  has  more  recently  been  obtained  in  the  Clyde,  and  I  have  now 

*  Revised  Report  on  the  Copepodaof  livorpool  Bay  (Trans,  L'pool.  Biol,  Soc.,  vol.  vii., 
1893),  p.  26,  PI.  XXXIV. 

t  Ann,  and  Mag.  Nat,  Hist.,  16),  vol.  zii.,  p.  243  (Oct.  1893).  {Cletodes  monensis  was 
here  by  a  slip  recorded  as  Laophonte  monensis,  but  the  error  was  rectified  in  a  p*per 
published  in  the  Ann,  and  Mag,  Nat,  Hist,  in  the  following  February.) 
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to  add  another  station  for  it — viz.,  Loch  Eil  (oflf  Loch  Linnhe) — where  it 
waa  dredged  along  with  Cfetodes  monerms  and  Oletodea  perpUaca  on  April 
3rd,  1900. 

PseudothaJestria  major  (T.  and  A.  Scott). 

This  somewhat  rare  species  was  obtained  in  the  store-pond  of  the  Sea- 
Fish  Hatchery  at  Bay  of  Nigg  in  August,  1900. 

Gervinia  brofff/i,  Norman. 

This  interesting  and  wcli-maiked  species  was  obtained  in  the  same 
gathering  with  Cletodes  vionensis  referred  to  above,  collected  13  or  14 
miles  north-east  of  Buckie,  Moray  Firth,  in  50  to  55  fathoms,  November 
3rd,  1900.  This  is  the  second  time  that  Cervinia  has  been  taken  in  the 
Moray  Firth ;  it  was  taken  the  first  time  about  five  to  seven  miles  off 
Kosehearty,  in  1893,  and  at  that  time  it  was  also  associated  with  Cletodes 
monensis, 

Zaus  good»iri,  G.  S.   Brady. 

This  fine  species  was  collected  in  45  fathoms  off  Aberdeen,  on 
November  7th  last  year,  by  the  Fishery  steamer  "Garland."  The 
gathering  in  which  the  Zaus  goodsiri  occurred  contained  a  remarkable 
assemblage  of  rare  and  interesting  Crustacea ;  they  comprised  nearly  fifty 
species,  and  included  many  genera,  and  nearly  all  the  more  important 
groups  were  represented — viz.,  the  Copepoda,  Amphiphoda,  Isopoda, 
Sympoda,  Schizopoda,  and  the  Macrura. 

Peltidium  purpurewn,  Philippi. 

This  species  was  added  to  the  British  fauna  in  1886  ;  it  was  obtained 
at  Tarbert,  Loch  Fyne,  during  gome  investigations  carried  on  there  under 
the  direction  of  the  Fishery  Board  for  Scotland.  Though  Peltidium 
purpureum  has  since  that  time  been  observed  in  one  or  two  other  parts  of 
Loch  Fyne  and  the  Clyde  estuary,  it  does  not  appear  to  have  been 
recorded  from  any  other  district  of  Scotland.  In  the  present  paper, 
however,  I  am  able  to  add  two  new  stations  for  this  Peltidium,  both  of 
which  are  on  the  West  Coast — viz..  Loch  Etive,  off  Abbot's  Island,  in  a 
gathering  dredged  at  9  fathoms  on  March  30th^  190O,  and  in  a  gathering 
collected  a  few  days  later  at  from  8  to  10  fathoms  near  the  head  of  Loch 
Eil  (off  Loch  Linnhe).  Both  these  gatherings  were  collected  by  the 
"  Garland,"  and  forwarded  to  the  Laboratory  at  Bay  of  Nigg. 

Alteutha  purpurociuctOy  Norman. 

This  fine  species  was  collected  in  Lerwick  Harbour,  Shetland,  by  the 
steam  trawler  "St.  Andrew,"  October  14th,  1900.  Rev.  A.  M.  Norman 
collected  this  species  at  Hillswick,  Shetland,  in  1868.* 

Idya  dutlui'^  T.  Scott. 

This  species,  which  appears  to  be  a  deep-water  form,  was  described  in 
1899  from  specimens  which  had  been  obtained  in  Loch  Fyne  at  from  50 
to  70  fathoms,  and  in  the  Clyde  at  over  40  fathoms.t  The  same  species 
of  Idya  was  recently  observed  in  a  tow-net  gathering  from  the  Mora^  Firth 

*  Repryrt  Bril.  Auoc.,  1868,  p.  298. 

t  Seventeenth  Anmml  Report  qftht  Fishery  Board  for  Scotland  (1899),  Part  III.,  p.  260, 
PI.  XII.,  figs.  2-6 
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collected  about  thirteen  to  fourteen  miles  north-east  of  Buckie,  in  50  to  55 
fathoms,  November  3rd,  1 900.  Idya  cluthce  is  quite  distinct  from  any  other 
species  of  Idya,  The  difference  in  the  armature  of  the  first  thoracic 
feet  and  of  the  form  of  the  fifth  pair  is  marked,  and  are  of  themselves 
sufficient^for  distinguishing  the  species. 

Idya  minor,  T.  and  A.  Scott. 

A  few  specimens  of  this  Idya  were  obtained  in  a  gathering  of  Copepods 
collected  in  the  store-pond  of  the  Sea-Fish  Hatchery  at  Bay  of  Nigg,  in 
August,  1900.  They  occurred  amongst  crowds  of  Idyafurcata,  and  were 
readily  distinguished  by  their  small  size.  The  same  species  was  obtained 
in  a  gathering  collected  by  hand-net  in  the  Bay  of  Nigg  on  October  1st. 

Idya  longicomia,  T.  and  A.  Scott. 

This  species  was  obtained  in  Lerwick  Harbour,  Shetland,  in  the  same 
gathering  with  Alteutha  purpurocincta  already  referred  to.  The  occur- 
rence of  Idya  longicomis  here  extends  the  distribution  of  the  species 
considerably. 

Synatiphilus  luteus,  Canu  and  Cu^not. 

1892.  SynaiiihUus  luteus,  Canu  and  Cu6not,  Commens.  paras. 
Echinod.,  Bev,  Biol,  du  Nord  de  la  France,  Oct.  1872,  p.  19, 
PI.  T.,  figs.  6,  7. 

1893.  RemigvltLS  trUlenB,  T.  and  A.  Scott,  Ann.  and  Mag.  Nat. 
Hist.  (6),  vol.  xii.,  p.  242,  PI.  XI.,  figs.  15-20 ;  PI.  XII., 
figs.  1-3. 

This  species  occurred  in  some  dredged  material  collected  near  the  head 
of  Loch  Eil  (off  Loch  Linnhe),  in  10  to  15  fathoms,  April  3rd,  1900. 
S,  luteua  was  added  to  the  British  fauna  in  1893  as  a  new  species  under 
the  name  of  Remigulus  tridem,  from  specimens  collected  near  the  mouth 
of  Loch  Spelve,  Island  of  Mull,  in  1892  (but  not  recorded  till  the 
following  year).  As  the  species,  however,  had  already  been  described  by 
Canu  and  Cu6not,  as  indicated  above,  the  name  RemiguLua  tridena 
necessarily  becomes  a  synonym.  So  far  as  I  know,  SynaiiphUus  luteus 
has  not  been  obtained  anywhere  else  in  Scotland  than  in  the  district  of 
Loch  Linnhe.     It  seems  to  be  a  rare  species. 

Caryc(BU8  anglicus,  Lubbock.     (PI.  XVIII. ,  fig.  11.) 

In  my  paper  on  tow-net  gatherings  published  in  the  Eighteenth  Annual 
Report,  Part  IIL,  I  recorded  Coryccetis  anglicus  from  the  Firth  of  Clyde, 
and  submitted  a  description  of  the  species,  which  was  illustrated  by  a 
number  of  figures ;  these  figures  were  prepared  from  a  female  specimen, 
as  no  males  had  been  observed.  One  of  the  gatherings  which  were 
collected  during  the  investigations  carried  oat  on  board  the  steam  trawler 
"St.  Andrew''  was  obtained  while  the  vessel  was  proceeding  along  the  south- 
east coast  of  Shetland  between  Lerwick  and  Sumburgh  Head,  and  about 
seven  miles  offshore;  the  gathering  was  collected  by  passing  the  water  from 
the  donkey-pump  through  a  fine  tow-net  In  this  gathering,  collected  on 
October  16th,  three  specimens  of  a  Corycceua  were  found,  which  I  at 
first  thought  might  be  C,  ohiusus,  Dana,  as  the  genital  segment  of  the 
abdomen  possessed  a  small  but  distinct  ventral  hook  at  its  proximal  end, 
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similar  to  the  hook  observed  in  the  male  of  that  species  (fig.  11) ;  a  further 
examination  of  the  specimens  showed,  however,  that  they  were  the  males 
of  0,  anglicua,  Lubbock  (fig.  11).  Conjeceua  anglicus  has  also  been 
obtained  in  a  gathering  from  the  Moray  Firtb,  collected  thirteen  to 
fourteen  miles  north-east  from  Buckie,  in  50  to  55  fathoms,  on  November 
3rd,  and  in  a  gathering  collected  o£P  Aberdeen  in  45  fathoms  on  the  7ih 
of  the  same  month,  but  the  specimens  were  females. 

LlOHOMOLGIDA 

Lichomolgus  fucicolus  (G.  S.  Brady). 

One  or  two  specimens  of  L,  fucicolus  occurred  in  a  gathering  col- 
lected in  72  fathoms  in  the  Sound  of  Mull,  March  31st,  1900. 

ASTBBOOHBRID/fi. 

Gollocheres  grcLcUicawla  (G.  S.  Brady). 

This  species  was  obtained  in  some  dredged  material  collected  near  the 
head  of  Loch  Eil  in  10  to  15  fathoms,  April  3rd,  1900.  G.  ifrcu:Hicauila 
is  a  moderately  rare  species,  but  it  has  apparently  an  extensive  distribu- 
tion. It  has  been  recorded  off  the  Yorkshire  coast  by  Dr.  Brady,  from 
the  Liverpool  Bay  district  by  Mr.  I.  C.  Thompson,  and  also  from  the 
Firth  of  Forth ;  Dr.  Canu  has  obtained  it  in  the  neighbourhood  of 
Boulogne,  and  Dr.  Giesbrecht  in  the  Bay  of  Naples. 

Inobrta  sbdis. 

Cancerina,  T.  Scott  (gen.  nov.). 

Description  of  tlie  genus, — Antennules  short,  six-jointed.  Antennae 
small,  and  simple  in  structure,  not  fitted  for  grasping.  Mandibles  narrow 
and  of  moderate  length,  toothed  on  the  distal  half  of  the  inner  margins, 
and  somewhat  like  the  mandibles  of  Lemeopoda,  First  maxillipedes 
somewhat  rudimentary,  unprovided  with  terminal  spines  or  claws. 
Second  maxillipedes  large  and  strong,  armed  with  stout  but  very  short 
terminal  claws.  Thoracic  feet,  two  pairs,  they  both  are  somewhat  alike, 
and  each  foot  consists  of  a  single  biarticulated  branch.  As  there  is  but 
the  one  species  a  detailed  description  will  be  found  in  the  specific 
definition. 

Cancerina  confusa,  T.  Scott  (sp.  n.).     (PI.  XVIIL,  figs.  12-20.) 

Description  of  the  female, — The  length  of  the  specimen  represented 
by  the  figure  is  fully  1  mm.,  from  the  forehead  to  the  end  of  the  caudal 
fiu-ca.  The  cephalothorax,  seen  from  above,  is  sub-rhomboidal  in  out- 
line. The  cephalic  segment  is  small,  but  moderately  distinct;  it  is 
very  short,  being  scarcely  half  as  long  as  it  is  broad.  The  thorax, 
which  appears  to  be  unsegmented,  is  widest  at  about  one-fourth  of  its 
length  from  the  anterior  end;  from  the  widest  part,  the  thorax,  on 
each  side,  tapers  towards  both  ends,  the  front  slope  is  short  and  terminates 
at  the  cephalic  segment,  the  posterior  slope,  which  is  longer  and  slightly 
sinuate,  extends  to  the  genital  segment  of  the  very  short  abdomen  ;  this 
segment  is  moderately  broad,  rather  more  so  than  the  posterior  part  of 
the  thorax  to  which  it  is  adjacent ;  the  remaining  segment  of  the 
abdomen  is  very  small,  and  the  caudal  farca,  which  are  short,  are  placed 
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somewhat  widely  apart.  The  ovisacs  are  very  large,  and  the  point  at 
which  they  are  attached  to  each  side  of  the  genital  segment  is  nearer 
their  posterior  than  their  anterior  ends ;  they  thus  occupy  a  rather 
peculiar  position  in  relation  to  the  body  of  the  Copepod ;  the  ovisacs 
are  of  an  elongate-oval  form,  and  from  the  peculiar  manner  in  which 
they  are  attached  to  the  genital  segment,  they  extend  forward  along  each 
side  of  the  body  of  the  Copepod  instead  of  backwards,  as  in  the 
majority  of  Copepods  which  carry  two  ovisacs.  It  was  the  peculiar 
position  of  the  ovisacs  that  attracted  my  attention  to  this  specimen, 
(fig.  12). 

The  antennules  are  short  and  six-jointed,  the  second  joint  is  consider- 
ably longer  than  any  of  the  others  ;  the  formula  shows  the  proportional 
lengths  of  all  the  joints : — 

Numbers  of  the  joints,  1      .      2     .      3     .      •!     .      5     .      6 


Proportional  lengths  of  the  joints  14     .     24    .     17    .     12    .     13    .      10 

The  joints  are  sparingly  setiferous,  and  taper  very  gradually  from  the 
proximal  to  the  distal  end  (fig.  14). 

The  antennse  are  very  small,  they  each  consist  of  a  single  two-jointed 
branch,  armed  with  about  six  terminal  sotae ;  the  three  middle  setae  are 
moderately  elongated,  but  the  others  are  short ;  the  joints  of  the 
antennae  are  sub-equal  and  nearly  three  times  longer  than  broad  (fig.  15). 

The  mandibles  have  a  remarkable  resemblance  to  those  of  the 
Lernseopodidse ;  they  are  moderately  elongated,  narrow,  and  somewhat 
cylindrical ;  they  taper  slightly  from  about  the  middle  of  the  distal 
extremity,  the  inner  margin  is  denticulate  from  about  the  middle  to  the 
apex  of  the  mandible  (fig.  16). 

The  maxillae  are  very  rudimentary ;  they  are  somewhat  papilliform, 
and  furnished  with  about  four  moderately  stout  spines  (fig.  17). 

The  first  maxillipedes  are  moderately  stout,  but  of  a  somewhat 
rudimentary  structure ;  they  appear  to  be  each  composed  of  two  joints, 
the  first  is  comparatively  tumid,  the  second  is  smaller  and  terminates 
in  a  boldly  rounded  apex  finely  serrated  on  the  margin  (fig.  18). 

The  second  maxillipedes  are  large  and  strong ;  they  are  each  com- 
posed of  two  joints,  the  basal  joint  is  considerably  larger  than  the  other, 
the  second  is  armed  with  a  short  but  stout  claw,  the  margin  of  which 
is  convex  and  fits  into  a  corresponding  hollow  in  the  joint  to  which  it  is 
articulated  (fig.  19). 

Thoracic  feet, — There  appear  to  be  only  two  pairs  of  thoracic  feet, 
which  are  similar  to  each  other  in  size  and  structure.  They  appear  to  be 
each  composed  of  a  single  two-jointed  branch  of  moderate  length, 
furnished  with  two  somewhat  elongated  and  two  or  three  very  small 
setae  (fig.  20).  The  position  of  the  thoracic  feet  is  somewhat  abnormal ; 
one  pair  is  almost  in  line  with,  and  outside  of  the  second  maxillipedes, 
the  other  pair  occupy  a  somewhat  intermediate  position  and  somewhat 
further  forward,  as  shown  in  figure  13. 

Habitat. — Dredged  at  Tarbert  Bank,  Lower  Loch  Fyne,  in  17  to  20 
fathoms,  October  28th,  1899.  One  specimen  only — a  female — was 
observed. 

Remarks. — This  somewhat  curious  Copepod,  which  I  have  now  tried 
to  describe,  is  in  some  respects  not  very  unlike  CancerUla  tubuJatay 
Dalyell.  It  has  a  somewhat  similar  squat  form,  large  ovisacs,  and  short 
six-jointed  antennules  ;  while,  as  regards  the  form  of  the  mandibles  and 
maxillae,  and  especially  of  the  latter,  the  disparity  is  not  very  great ;  it  is 
only  in  the  structure  of  the  antennas,  the  maxillipedes,  and  the  thoracic 
feet  that  the  most  marked  differences  are  observed.     The  antennae  are 
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aimplo  in  struetnre  and  do  not  form  grasping  organs  as  in  Caneerilla; 
the  maxillipedes  are  more  rudimentary  ;  and  the  thoracic  feet,  of  which 
there  appear  to  be  only  two  pairs,  are  each  composed  of  two  moderately 
stout  basal  joints  and  a  single  biarticulated  branch ;  in  CancerUla  the 
first  and  second  pairs  of  feet,  though  two-branched,  are  more  rudimentary 
than  those  of  Cancerina^  and  the  third  and  fifth  pairs,  though  present,  are 
also  rudimentary. 

In  consequence  of  these  differences  I  have  considered  it  necessary  to 
institute  a  new  genus  for  this  Copopod,  and,  from  its  general  resemblance 
to  the  CancerUla  of  Daly  ell,  have  given  to  it  the  name  of  (Janeerina, 

NlCOTHOIDA 

Nicotkoe  astaci,  Aud.  and  M.-Edw.    (PI.  XVII.,  figs.  35-39 ;  PI.  XVIII., 
figs.  21-26.) 

1826.     Nicotkoe    astaci)  Aud.   and    M.-Edw.,    Ann.   Sci.  Nat., 

(1),  vol.  ix.,  p.  345,  PL  49,  figs.  1-9. 
1850.     Nicotkoe   astaci,    Baird,  Entom.,  p.  307,  PI.  XXXIII., 

fig.  11. 

Description  of  the  female, — The  length  of  the  specimen  represented  by 
the  drawing  is  1*5  mm.  (about  ^^^^  of  an  inch),  exclusive  of  the  caudal 
setse.  The  body  is  cyclopoid  in  its  general  outline,  but  the  two  great 
wing-like  lateral  expansions  of  the  posterior  part  of  the  thorax  destroy 
the  symmetrical  ap|>earance  of  the  animal.  These  expansions  appear  to 
be  the  result  of  an  extraordinary  development  of  the  fourth  segment  of 
the  thorax.  The  three  segments  intermediate  between  this  one  and  the 
cephalic  segment  are  very  narrow ;  they  are  re])resented  on  the  dorsal 
aspect  by  more  or  less  distinct  articulations  as  shown  in  the  drawing, 
while  in  front  of  the  cephalic  segment  two  distinct  eyes  can  be  observed. 
The  abdomen  is  composed  of  four  segments,  the  genital  segment  is  some- 
what dilated  and  rather  longer  than  the  combined  lengths  of  the  next 
two  segments.  The  caudal  f urea  are  very  short,  and  each  is  furnished 
with  an  elongated  and  moderately  stout  terminal  seta  and  a  few  minute 
hairs.  The  two  ovisacs  are  very  large.  (PI.  XVII.,  fig.  39,  and 
PI.  XVIII..  hg,  21.) 

The  antennules  are  of  moderate  length  and  sparingly  setiferous,  they 
are  composed  of  eleven  joints,  but,  with  the  exception  of  the  second  and 
last,  all  the  joints  are  small  (PI.  XVIII.,  fig.  35).  The  formula  shows 
approximately  the  proportional  lengths  of  all  the  joints : — 

Numbers  of  the  joints,  1    .    2   .    3   .    4   .    5  .    6   .    7    .    8   .    9   .  10  .  11 

Proportioiml  lengths  of  the  joints,     11  .  33  .  13  .  10  .  10  .  10  .  10  .  10  .  10  .  10  .  20 

The  antennae  are  small  but  moderately  stout,  and  appear  to  be  com- 
l)Osed  of  four  joints,  the  basal  joint  is  considerably  larger  than  the  others ; 
each  antenna  is  armed  with  two  moderately  strong  apical  spines,  aud  as 
the  end- joint  to  which  they  are  attached  is  hinged  at  nearly  a  right  angle 
to  the  preceding  joint,  the  antennas  become,  with  the  assistance  of  the 
apical  spines,  effective  grasping  organs ;  the  third  joint  is  provided  with  a 
curved  and  somewhat  lamolliform  plate,  which  may  be  a  sensory  appendage 
(PI.  XVin.,  fig.  36). 

The  mandibles  are  long  and  slender,  slightly  incurved,  and  tapering  to 
a  point  (PI.  XVII.,  fig.  22). 

The  maxillse  are  each  composed  of  a  moderately  stout  basal  joint,  and  a 
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small  aud  apparently  two-jointed  secondary  branch,  which  is  articulated  to 
the  inner  edge  of  the  basal  joint ;  the  basal  joint  is  furnished  with  three 
strong  terminal  setae  of  moderate  length,  plumose  on  the  distal  half  ;  the 
secondary  branch  is  armed  with  a  few  small  terminal  spines  (PL  XVII., 
fig.  37). 

The  first  maxillipedes  are  small  and  apparently  composed  of  two  joints, 
of  which  the  end-joints  are  the  smallest,  each  maxillipede  is  armed  with 
two  moderately  strong  terminal  claw-like  spines,  and  as  they  are  slightly 
curved  inwards,  they  form,  with  the  eud-joiut,  a  moderately  powerful  hook 
(PI.  XVII.,  fig.  38). 

The  second  maxillipedes,  which  are  larger  than  the  first  pair,  are  each 
composed  of  five  joints,  the  first  and  second  joints  are  of  moderate  size  but 
the  three  end  ones  are  small,  the  terminal  claw-liko  spine  is  longer  than 
the  entire  length  of  the  three  end  joints  (PI.  XVIII.,  fig.  23). 

The  thoracic  fed, — ^Th«  first  four  pairs  of  thoracic  feet  are  all  somewhat 
similar,  they  are  each  composed  of  a  stout  two-jointed  basal  part,  which 
bears  two  sub-equal  three-jointed  branches  at  its  distal  end ;  the  outer 
branches  are  armed  on  the  exterior  margin  with  several  small,  slender 
spines,  while  the  inner  margins  of  both  branches  are  furnished  with 
plumose  setae  (PI.  XVIIL,  tigs.  24  and  25).  The  fifth  pair  consist  each  of 
a  single  uniarticulated  lamelliform  branch,  about  three  times  longer  than 
broad ;  each  branch  b  provided  with  six  small  plumose  setae — one  near 
the  middle  of  the  inner  margin  and  five  arranged  round  the  apex  (PI. 
XVIII.,  fig.  26). 

The  ovisacs  are  very  large  and  contain  numerous  ova.  No  males  have 
yet  been  observed. 

Hahitat, — On  the  gills  of  a  scarcely  full-grown  Lobster,  captured  by 
Mr.  H.  C.  Williamson  in  Bay  of  Nigg,  near  Aberdeen,  June  30th,  1900. 

Remarks, — Though  Nicothoe  astaci  appears  to  be  moderately  frequent 
on  the  gills  of  Lobsters  captured  on  various  parts  of  the  English  coast,  I 
do  not  know  of  any  previous  authentic  recoi*d  of  its  occurrence  in  Scottish 
waters ;  Edward  of  Banff,  who  was  so  successful  a  collector  of  Crustacea, 
though  he  records  the  common  Lobster  in  his  list  of  Moray  Firth  species, 
does  not  appear  to  have  observed  the  Copepod  parasite  which  is  so 
intimately  associated  with  that  Crustacean.  Nicothoe  astaci  is  no  doubt 
frequently  overlooked,  and  if  a  careful  examination  were  made  of  the 
lobsters  captured  on  our  shores  the  distribution  of  the  parasite  in  the 
Scottish  seas  might  be  found  to  be  co-extensive  with  its  host. 

The  Nicothoe  seems  to  be  a  remarkably  sluggish  animal.  Milne-Edwards 
— quoted  by  Dr.  Baird* — states  that  "they  allowed  themselves  to  be  torn 
to  pieces  without  making  the  least  movement  or  quitting  their  hold," 
and  further,  that  though  '^  taken  carefully  off*  the  gills  of  the  lobster  with 
all  possible  precautions  not  to  injure  the  animals,  and  placed  in  a  glass  of 
sea-water,  though  watched  for  several  hours,  and  though  they  lived  during 
that  period,  as  might  be  seen  by  the  peristaltic  movement  of  the  intestine, 
they  made  no  attempt  themselves  at  locomotion."  I  may  add  that  my 
son  has  kept  specimens  of  Nicothoe  alive  for  five  weeks  in  ordinary  sea 
water,  which  was  changed  about  once  a  week,  and  though  they  were  care- 
fully watched  during  that  time  he  never  saw  them  make  any  attempt  to 
move  about,  and  the  only  indication  that  they  were  alive  was  tho 
persistence  of  their  semi-transparent  pinkish  colour  and  the  peristaltic 
movement  of  the  alimentary  canal.  The  parasite  is  usually  brightly 
coloured,  and,  as  it  is  of  moderate  size,  is  readily  observed  in  situ  when 
that  part  of  the  lobster's  carapace  which  covers  the  gills  is  removed. 

*  BritiBh  Entomostraca,  p.  804. 
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ChONDRAC  ANTHI  DiE. 

Lamippe  proteits^  Clapar^de. 

This  curious  little  species  is  common  on  the  Aleyonvum  digitcUuniy  or 
"  Dead-man's  Fingers,"  so  frequently  brought  up  in  the  trawl-net  or  on 
fishermen's  lines.  A  number  of  specimens  were  recently  obtained  on 
pieces  of  Alcyonium  trawled  by  the  "  Garland"  off  Aberdeen.  Lamip^pe 
proteus  was  first  recorded  from  the  Scottish  seas  in  1895  from  specimens 
observed  in  the  Firth  of  Forth. 

Lamipijeforbesiy  T.  Scott. 

1896.  Lamippe  sp.,  T.  Scott,  Fourteenth  Ann.  Rept.  of  the  Fishery 
Board  for  Scotland,  Part  III.,  p.  164,  PL  IV.  figs.  9-12. 

This  distinct  form  was  first  observed  in  the  Firth  of  Forth  in  the  early 
part  of  1896,  and  the  same  species  was  almost  immediately  afterwards 
found  by  my  son  in  Liverpool  Bay.  At  that  time  it  was  thought  it  might 
bo  a  species  which  was  already  described,  and  it  was  therefore  recorded  as 
"  Lamipi>e  sp."  L,  forhesi  seems  to  be  a  rare  species,  for,  although 
the  portions  of  Alcyonium  recently  examined  yield^  between  two  and 
three  hundred  specimens  of  Z.  irroteus,  only  two  specimens  of  L  forbesi 
were  observed  after  a  careful  search.  L.  forbesi  is  a  distinctly  larger 
species  than  L.  jn'oteus. 

Change  of  Name. 

Genus  Eurynotopsyllua,  nov.  nom.   [=-  Eurynotus,  T.  and  A.  Scott  (1898) 
preoccupied.] 

In  1898  a  new  Copepod  from  the  Clyde  was  described  and  figured  by 
T.  and  A.  Scott  in  the  "  Annals  and  Magazine  of  Natural  History,"  s.  7, 
vol.  i.,  p.  188,  under  the  name  of  Eurynotus  insolens;  it  was  also  recorded 
under  the  same  name  in  Part  III.  of  the  Sixteenth  Annual  Report  of  the 
Fishery  Board  for  Scotland  (1898),  p.  279.  I  have  now  ascertained  that 
Eurynotus  has  already  been  twice  used — viz.,  by  Kirby  in  1817  for  a 
genus  of  Coleoptera,  and  by  Agassiz  in  1835  for  a  genus  of  fishes;  as, 
therefore,  the  name  cannot  be  retained  for  this  Copepod  I  propose  to 
change  it  for  the  altered  form  Eurynotopsyllus  (Eurynotus  plus  psyllus^ 
a  flea). 

Order  2,  OSTRACODA. 

BAIRDIIDiE 

Genus  Bairdia,  M*Coy  (1849). 

Bairdia  inflata  (Norman). 

1862.  Gythere  inflata,  Norman,  Ann.  and  Mag.  Nat.  Hist.,  vol. 
xi.,  p.  49,  PI.  iii.,  figs.  6-8. 

1896.  Bairdia  inflata,  Brady  and  Norman,  "  Mon.  M.  and  F.-W. 
Ostrac.  of  the  N.  Atlantic  and  N.-W.  Europe"  (Sei,  Trans. 
Roy.  Dublin  Soc,  vol.  iv.,  s.  ii.,  p.  112. 

One  whole  specimen  and  a  valve  of  this  species  occurred  amongst  some 
sand  dredged  in  about  80  fathoms  to  the  east  of  Fair  Island  in  October 
last. 
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Genus  Afacrocypria,  G.  S.  Brady  (1868). 

Macrocypris  minna  (Baird). 

1850.  Cythere  minna,  Baird,  Brit.  Entom.,  p.  171,  t.  xx.,  fig.  4, 
4a-d. 

1868.  Maerocypris  minna,  Brady,  Mon.  rec.  Brit.  Ostrac.,  p.  392, 
t.  xxvii.,  figs.  5-8;  t.  xxxviiL,  fig.  4. 

1889.  Maerocypris  minna,  Brady  and  Norman,  op.  cit,  vol.  iv., 
8.  ii.,  p.  117. 

This  fine  species  was  frequent  in  a  tow-net  gathering  collected  on  the 
19th  October,  1900,  in  80  to  85  fathoms,  about  fifty  miles  S.S.E.  of  Fair 
Island,  between  Orkney  and  Shetland.  The  tow-net  had  touched  bottom, 
and  when  hauled  up  was  found  to  contain  a  considerable  quantity  of 
mud,  this  was  washed  through  the  net  and  the  material  that  remained  in 
the  net  was  preserved;  mixed  up  in  this  material  was  a  considerable 
number  of  Maerocypris.  In  the  Monograph  of  the  Marine  and  Fresh 
water  Ostracoda  of  the  North  Atlantic  and  North- Western  Europe,  the 
authors,  referring  to  Maerocypris  minna,  say  {op,  cit,,  p.  117)  that  "the  only 
British  locality  for  this  species  is  Shetland,  where  a  single  specimen  was 
dredged  by  MacAndrew  forty  years  ago,  and  a  second  by  A.  M.  N.  on  the 
outer  Haaf  in  1861." 

CYTHBRBLLIDiE. 

Genus  Qyth&rella,  Jones  (1849). 

CytJierdla  ahyssorum,  G.  0.  Sars. 

1865.  OythereUa  abyssorum,  G.  O.  San,  Overs,  of  Norg.  marine 
Ostrac,  p.  127. 

1865.  Gytherdla  beyrichi,  G.  S.  Brady,  '*0n  New  or  Imperfectly 
Known  Ostrac,"  Trans,  Zool.  Soc,  vol.  v.,  p.  362,  PL  Ivii., 
figs.  3  a,  b. 

1866.  GythereUa  seotica,  G.  S.  Brady,  Brit.  Assoc.  Kept.  (1866), 
p.  211. 

1896.  Cytherdla  ahyssorum,  Brady  and  Norman,  op.  cit,  vol.  v., 
s.  ii.,  p.  716,  PI.  Ixvi.,  figs.  1,  2,  5 ;  PI.  Ixvii.,  figs.  13,  14. 

A  single  perfect  specimen  and  a  valve  of  this  species  were  obtained  in 
ihe  same  material  with  the  last ;  CythereUa  ahyssorum  seems  to  be  a  rare 
species  in  our  seas,  as  the  only  Scottish  record  for  it  hitherto  appears  to 
be  that  of  G.  S.  Brady,  who,  in  his  "Monograph  of  Recent  British 
Ostracoda,"  states  that  two  or  three  specimens  were  obtained  by  himself 
and  the  Rev.  A.  M.  Norman  amongst  sand  dredged  by  Mr.  Jeffreys  in  60 
fathoms  in  the  Minch.* 

It  may  be  mentioned  in  passing  that  the  Foraminifer  Sacearnina  spJuera 
was  very  common  in  this  gathering ;  a  few  other  Foraminif era,  such  as 
Astrorhiza  arenaria,  Psammosphcera  fusea,  and  Plaeopsilina  bidla,  were 
also  observed. 

•  Trans.  Linn,  Soc,^  vol.  xxvi.,  p.  473,  PI.  zxxiv.,  figs.  18-21. 
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Sub-Class  MALACOSTRACA. 
Sub-Order  AMPHIPODA. 

LvtilANASSID^. 

Normanion  quoflrimanvs  (Bate  and  We8twcM)d). 

In  the  Seventeenth  Annual  Report,  Part  III.,  I  recorded  this  rare  species 
from  near  Davaar  Island,  Firth  of  Clyde.  I  have  now  to  add  another 
Clyde  station  for  the  species — viz.,  Tarbert  Bank,  Lower  Loch  Fyno,  in  17 
to  20  fathoms;  it  occurred  in  some  material  dredged  on  the  Bank  on 
December  22nd,  1899,  but  not  examined  till  some  time  afterwards. 
Besides  the  two  stations  mentioned,  Normanion  has  also  been  obtained 
off  Cumbrae  in  20  to  25  fathoms  by  the  Rev.  A.  M.  Norman.* 

Aciilostoina  obesum  (Bate). 

I  have  to  record  this  species  from  the  Moray  Firth,  in  a  gathering 
collected  in  1898  but  only  examined  last  year.  Also  in  a  gathering  of 
Crustacea  collected  off  Fair  Island  in  October;  and  in  another  from  45 
fathoms  off  Aberdeen,  collected  in  November,  1900. 

Pe7Ttereila  awhuiniana  (Bate). 

Dredged  in  72  fathoms,  Sound  of  Mull,  March  31st,  1900;  and  in 
Loch  Etive,  off  Abbot's  Island,  in  9  fathoms,  on  the  30th  of  the  same 
mouth  (Fishery  steamer  "  Garland  "). 

Orchomene  humilis  (A.  Costa). 

Orchoinene  humilis  was  obtained  in  Loch  Etive  in  the  same  gathering 
with  Perrierdla  audouiniana.  This  is  the  Anonyx  etlwardeii  of  Bate  and 
Westwood's  "  Sessile-eyed  Crustacea  "  and  the  OrcJiomene  batei  of  G.  O. 
Sars'  "  Crustacea  of  Norway."! 

Tri/phosella  horingii  (Boock). 

This  species  occurred  in  a  tow-net  gathering  collected  about  fifty  miles 
south-eastward  of  the  Fair  Island,  in  October,  1900,  and  in  moderately 
deep  water. 

Anonyx  nugojc  (Phipps). 

Quite  recently  several  specimens  of  Anonyx  nugax  (Phipps)  were 
forwarded  to  the  Laboratory  at  Bay  of  Nigg,  from  Mr.  F.  G.  Pearcey, 
the  Naturalist  on  board  the  Fishery  steamer  "  Garland."  They  were 
coUected  in  the  Cromarty  Firth  in  7^  fathoms  on  January  10th,  1901. 
This  is  only  the  second  time  I  have  seen  Anonyx  nugax  in  Scottish  waters, 
and  the  first  time  in  the  Moray  Firth  district.  The  previous  occurrence 
of  the  species  was  in  1889,  when  it  was  obtained  near  May  Island  in  the 
Firth  of  Forth  in  the  month  of  February,  but  was  not  recorded  till  1893.:t 
It  may  bo  of  interest  to  note  that  on  the  present  occasion  the  specimens 
have  been  obtained  a  month  or  so  earlier  than  they  were  observed  in 
1889. 

*Ann,  and  Mag,  Nat,  IlisL^  (7),  vol.  v.,  p.  141  (1900). 
t  Norman,  op,  ct^.,  p.  202. 

:;:  Eleventh  Ann.  Kept,  of  the  Fishery  Board  for  Scotiand,  Part  IIL,  p.  212,  PL  V., 
fiffs.  18-21  (1893). 
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Lepidepecreum  longiccme  (Bate). 

This  species  was  dredged  by  the  "  Garland  "  in  45  fathoms  off  Aber- 
deen on  November  7  th,  1900. 

Etumyx  chdatvSy  Norman. 

This  somewhat  rare  species  was  obtained  in  some  material  dredged  by 
the  "Garland"  in  32 J  fathoms  on  October  12th,  1900  ;  and  in  a  bottom 
tow-net  gathering  from  the  steam  trawler  "  St.  Andrew,"  collected  about 
fifty  miles  south-eastward  of  the  Fair  Island,  in  70  to  80  fathoms,  on  the 
19th  of  the  same  month.  Only  one  or  two  specimens  were  obtained  in 
either  gathering. 

PONTOPORIID^. 

Bathyporeia  norvegica,  G.  O.  Sars, 

Obtained  in  a  bottom  tow-net  gathering  collected  about  fifty  miles 
south-eastward  of  Fair  Island,  October  16th,  1900. 

Argissa  Jiamatipea,  Norman. 

Specimens  of  A.  hamaiipes  occurred  in  gatherings  collected  off  Aber- 
deen  in  June,  and  off  Fair  Island,  collected  October  12tb,  1900. 

Phoxogephalida. 

Phoxocephaltis  ftdtoniy  T.  Scott. 

A  few  specimens  of  this  species  were  obtained  in  material  dredged  in 
Loch  Etive  off  Abbot's  Island,  in  9  fathoms,  March  30th,  1900.  The 
same  species  has  been  dredged  in  Loch  Ryan,  near  the  mouth  of  the 
Clyde,  as  well  as  in  the  Clyde  itself. 

PJioxocephalus  oculatus.  G.  0.  Sars. 

This  form  occurred  with  several  other  Crustaceans  in  some  dredged 
material  collected  in  the  Sound  of  Mull,  in  72  fathoms,  March  31st,  1900. 
So  far  as  the  male  of  Phoxocephalus  oculatus  is  concerned,  there  is  little 
danger  of  confounding  it  with  Phoxocephalus  holholli  (Kroyer).  The 
large  and  conspicuous  black  eyes  are  sufficient  of  themselves  to  attract  the 
attention  of  the  observer;  it  was  collected  by  the  Fishery  steamer 
"  Garland." 

Ampblisgid^. 

Ainj>eli6ca  spinipes^  Boeck. 

This  fine  species  was  obtained  off  Aberdeen  in  a  gathering  from  45 
fathoms  collected  November  7th,  1900  (Fishery  steamer  **  Garland.") 

Ampdisca  maerocephala^  Lilljeborg. 

This  species  occurred  in  one  or  two  of  the  gatherings  collected  off  Fair 
Island  on  the  12th  and  19th  October,  1900. 

Ampdisca  h'evicornis  (A.  Costa). 

According  to  Norman,  the  A,  hevigata  of  Lilljeborg  is  identical  with 
A.  brevicomis  (A.  Costa),  and,  as  this  name  is  prior  to  the  other,  A 
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l^migata  must  be  set  aside.  The  species  known  as  Ampdisca  IcevigcUa, 
Lilljttborg,  was  dredged  during  the  past  year  in  Loch  Etive,  near  Abbot's 
Island,  in  9  fathoms,  on  March  30th. 

Byhlis  (jaiviardi  (Kroyer). 

A  single  specimen  of  this  rare  species  was  obtained  in  a  bottom  tow-net 
gathering  collected  about  fifty  miles  S.S.K.  of  Fair  Island  at  a  depth  of 
about  80  fathoms  on  October  12th,  1901.  There  appear  to  be  extremely 
few  British  records  of  Byhlia  gaimardi,  Norman  gives  the  following 
three : — Off  Seaham,  Co.  Durham ;  off  St.  Abbs  Head,  40  fathoms  ; 
and  near  May  Island,  Firth  of  Forth  (1890).*  The  latter  seems  to  be 
the  most  recent  British  record  of  the  species  previous  to  the  present  one. 

AMPQILOCHIDiC. 

Ampkilochovles  odordonyxj  Boeck. 

This  species  was  obtaiued  in  a  tow-net  gathering  collected  about  sixty- 
five  miles  east  by  south  off  Sumburgh  Head,  Shetland,  September  4th, 
and  about  fifty  miles  south-south-east' of  Fair  Island,  October  16th,  1900. 
This  is  the  form  described  by  CI.  0.  Sars  under  the  name  of  AmphUochoidea 
pusilluif, 

AmphUochoiflea  intermedius,  T.  Scott, 

One  or  two  specimens  of  Amphilochoides  intermedius  occurred  in  some 
material  dredged  off  Aberdeen  in  forty-five  fathoms,  November  11th,  1900. 
This  species  was  described  in  1896  in  the  Fourteenth  Annual  Report  of 
the  Fishery  Board  for  Scotland,  Part  III.,  p.  159,  PI.  IV.,  figs.  1-3. 

Stegoplax  hreviroHtru  (T.  ami  A.  Scott). 

Several  specimens  of  this  small  species  were  obtained  in  the  same 
gathering  in  which  Amphilochoides  intermetlitis  occurred,  collected  in  45 
fathoms  off  Aberdeen.  This  species  was  ascribed  by  T.  and  A.  Scott  to  the 
genua  Cyproiflia^f  but  the  Rev.  A.  M.  Norman  refers  it  to  Stegoplax 
because  the  upper  antennae  have  no  secondary  appendage. t 

METOPiDiE,  Stebbing  (1899). 

Metopa  rubrovittatay  G.  0.  Sars. 

This  small,  brightly  red-coloured  species  occurred  in  a  gathering  col- 
lected sixty-five  miles  east  by  south  of  Sumburgh  Head,  Shetland,  and  in 
another  collected  off  Fair  Island  ;  the  first  was  collected  in  September 
and  the  other  in  October,  1900. 

Metopa  borealiSy  G.  O.  Sars. 

This  species  was  obtained  in  a  gathering  collected  in  Aberdeen  Bay  on 
June  28th,  1 900. 

Metopa  norveg^i^ui  (Lilljeborg). 

This  is  the  Metopa  itollexiana  of  Bate  and  Westwood  ;  several  specimens 
of  this  fine  species  were  obtained  in  a  few  of  the  gatherings  collected  off 

*  British  Amphi(K)da  ;  Ann,  and  Mag,  NaL  Hiat,,  (7)  vol.  v.,  p.  844  (1900). 
t  Ann,  and  Mao,  Nat.  Hist.,  (6),  vol.  xii.,  p.  244,  PI.  XIII.,  figs.  1-11  (1893). 
X  British  Amphipoda  ;  Ann,  and  Mag,  Nat,  Hist.,  (7),  vol.  vi.,  p.  38  (1900). 
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Aberdeen,  in  October  and  November  last  year.  The  species  occurred  in 
a  gathering  from  36  to  49  fathoms  collected  on  October  the  23rd,  in 
another  from  60  fathoms  collected  on  the  25th  of  the  same  month,  and  in 
a  third  gathering  from  45  fathoms  collected  on  November  7th.  These 
gatherings  were  collected  by  the  Fishery  steamer  "  Grarland.*' 

Metopdla  nasuta  (Boeck). 

This  small  species  was  moderately  common  in  a  gathering  collected  off 
Fair  Island,*  in  80  to  85  fathoms,  on  October  12th,  1900.  It  was  also 
obtained  in  some  bottom  tow-net  material,  collected  about  sixty-five 
miles  to  the  south-east  of  Sumburgh  Head,  on  September  4th,  by  the 
steam  trawler  "St.  Andrew." 

Metopina  robusta  (G.  O.  Sars). 

This  somewhat  rare  species  occurred  in  one  of  the  gatherings  from  the 
Fishery  steamer  "  Garland,'*  collected  off  Aberdeen,  in  45  fathoms, 
November  7th,  1900.  The  Rev.  A.  M.  Norman  has  instituted  the  new 
genus — Metopina — for  this  form,*  and  one  of  its  principal  characters  is 
the  peculiar  structure  of  the  first  gnathopods.  There  appear  to  be  only 
three  British  records  for  Metopina  rolmsta  previous  to  this  one,  Viz.  : — 
The  Firth  of  Forth,  where  it  was  obtained  by  Dr.  Henderson  in  1884, 
and  the  Moray  Firth,  where  it  was  dredged  by  the  "Garland"  in  1893,t 
and  again  in  1899.t  The  gathering  in  which  it  occurred  in  1893  was 
collected  a  few  miles  to  the  north  of  liosehearty,  but  the  gathering 
collected  in  1899  was  from  Station  XV.,  in  the  vicinity  of  Smith  Bank. 

LBUCOTHOIDiB. 

Leurothoe  lilljeborgiiy  Boeck. 

This  was  obtained  in  a  tow-net  gathering  collected  about  fifty  miles 
south-south-east  of  Fair  Island,  October  16th,  1900.  There  does  not 
appear  to  be  any  previous  record  of  L,  lUljehorgii  from  this  part  of  the 
North  Sea. 

rEDIOBRID^. 

Aceros  phyUonyx  (M.  Sars). 

Although  a  number  of  species  belonging  to  the  CEdiceridse  have  been 
observed  in  the  various  tow-net  gatherings  examined,  and  notes  taken  of 
them,  they  are  rather  more  common  than  the  one  specially  referred  to. 
Aceros  phyUonyx  appears  to  be  comparatively  rare  as  a  British  species  ; 
the  only  British  record  known  to  me  is  that  of  Metzger  of  the  German 
North  Sea  Expedition,  who  obtained  it  "  sixty  miles  north  of  Peterhead." 
During  the  Fishery  Board's  recent  investigations  eastward  of  Fair  Island, 
Aceros  was  obtained  on  two  occasions  in  bottom  tow-net  gatherings, 
collected  on  the  12th  October  about  fifty  miles  south-south-east  of  Fair 
Island,  in  80  to  85  fathoms.  A  number  of  specimens  were  obtained,  but 
all  were  more  or  less  damaged ;  they  were,  however,  sufficiently  perfect 
for  identification. 

*  British  Amphipoda  ;  Ann.  and  Mag,  A^at,  Hist,f  (7),  vol.  vi.,  p.  45  (1900).  It  has  to 
be  noted,  however,  that  Metopina  has  already  been  used  by  Macquart  for  a  genus  of 
insects. 

t  Ann,  and  Mag.  Nat,  Hist.,  (6),  vol.  xiii.,  p.  148  (1394). 

X  SwtnUenth  Ann,  liept,  of  the  Fishery  Board  for  Scotland^  Part  III.,  p.  265. 
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Pleustid^. 

Paramphithoe  monocusina^  G.  O.  Sars. 

This  species  and  the  closely-allied  form  Paramithithoe  hicuspis  were 
obtained  in  gatherings  collected  off  Fair  Island  in  October,  and  in  one 
collected  off  Aberdeen  in  45  fathoms,  November  7th,  1900.  In  the 
gathering  collected  off  Aberdeen  P.  monoctisids  was  much  more  frequent 
than  the  other. 

Sympleustes  latipes  (M.  Sars).    {  =  AmphitluHi  latipes,  M.  Sars,) 

A  few  specimens  of  this  species  were  obtained  in  a  bottom  gathering  of 
Crustacea  collected  by  the  "  Garland "  off  Aberdeen  in  60  fathoms, 
October  25th,  1900. 

Epimbridjb. 

Ejinmeria  comigera  (Fabricius). 

This  fine  species  was  moderately  frequent  in  some  material  collected  by 
the  "Garland"  off  Aberdeen  in  32^  fathoms,  October  12  th,  1900;  one  or 
two  of  the  specimens  in  this  gathering  were  of  a  nearly  white  colour. 
Epimeria  comigera  was  also  moderately  frequent  in  some  of  the 
gatherings  collected  eastward  of  Fair  Island  in  the  same  month. 

EuSIRIDiE. 

Eusirus  longipeSy  Boeek. 

This  was  dredged  by  the  "  Garland "  in  the  Sound  of  Mull  in  72 
fathoms,  on  March  31st,  1900 ;  it  also  occurred  in  some  material  col- 
lected by  the  **  Garland "  off  Aberdeen  in  32 J  fathoms  on  October  the 
12th,  and  again  on  October  23rd  in  36  to  49  fathoms;  in  this  last 
gathering  the  species  was  moderately  frequent. 

Calliopiid*. 

Apherusa  borealuf  (Boeck). 

This  was  moderately  frequent  in  material  collected  in  Aberdeen  Bay  on 
June  28th.  Another  species — Apherusa  hispinma  (Bate) — was  obtained  in 
a  gathering  collected  off  Aberdeen  in  60  fathoms,  on  October  25th  ;  while 
a  third  species — Apherusa  furinii  (M.-Edw.) — was  obtained  in  a  gathering 
of  Crustacea  collected  in  Bay  of  ^igg  with  a  hand  tow-net  and  rowing- 
boat  by  Mr.  Williamson,  July  27th  (1900). 

Atylidas. 

Paratylus  uncinatus^  G.  O.  Sars. 

This  is  the  species  which  has  no  projections  on  the  dorsum,  but  which 
otherwise  somewhat  resembles  Paratylua  falcaius  (Metzger).  P.  uncinaius 
occurred  in  some  material  collected  in  Aberdeen  Bay  on  June  28th,  and 
also  in  the  same  gathering  from  Bay  of  Nigg  which  Mr.  Williamson 
collected  on  July  27th,  1900.     The  species  was  very  sparingly  ispreieiitecL 
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DsXAMINIDiE. 

Dexamine  theay  Boeck, 

This  comparatively  small  species  was  captured  in  Bay  of  Nigg,  near 
Aberdeen,  and  also  near  Muckle  Ferry,  Dornoch  Firth.  The  gathering 
from  Muckle  Ferry  was  collected  in  May,  and  that  from  Bay  of  Nigg  in 
July,  1900. 

TritcBta  gib/H)8a  (Bate). 

This  curious  little  species  was  dredged  by  the  *'  Garland  "  in  Loch 
Etive,  near  Abbot's  Island,  in  9  fathoms,  on  March  30th,  1900. 

Gruemia  cocUita  (Norman). 

This  curious  little  species  was  obtained  in  a  gathering  collected  by  the 
"  St.  Andrew  "  about  fifty  miles  south-south-east  of  Fair  Island,  in  about 
85  fathoms,  on  October  16th,  1900.  The  species  was  described  by  the 
Rev.  A.  M.  Norman  in  1868  from  specimens  collected  in  the  surface-net 
at  Lerwick,  Shetland,  by  the  late  Dr.  Robertson  of  Millport*  The  same 
species  has  been  obtained  at  considerable  depths  in  the  Firth  of  Forth,t 
in  the  Firth  of  Clyde,^  and  in  the  Irish  Sea,**  and  it  is  interesting  to 
note  that,  though  its  distribution  is  thus  apparently  extensive,  it  is  one  of 
the  few  British  species  of  Amphipoda  that  have  not  yet  been  recorded 
from  Norway. 

MBLPHIDIPPIDiE. 

Melphidippella  macera  (Norman). 

Melphidippa  and  Melphidippella  have  been  removed  by  Stebbing  from 
the  GammaridcB  into  a  new  family,  Melphidippidce,  The  brick-red 
colour  of  the  Melphidippella  makes  it  a  fairly  conspicuous  object  even  in 
a  crowded  gathering.  The  species  was  found  in  the  gatherings  collected 
eastward  of  Fair  Island,  and  also  off  Aberdeen  in  October,  1900,  but 
although  of  frequent  occurrence  in  the  gatherings  from  both  places, 
scarcely  a  single  specimen  was  undamaged,  owing  to  the  appendages 
being  so  brittle. 

Gammarida::. 

Amathilla  homari  (Fabricius). 

A  moderately  large  female  specimen  was  found  in  the  stomach  of  a 
Cod  captured  in  the  Bay  of  Nigg  in  June,  1900 ;  young  specimens  were 
also  taken  in  the  Bay  in  July  by  means  of  a  tow-net  worked  from  a 
rowing-boat. 

Gamniarue  dueheixi^  Lilljeborg. 

This  Gammarus  is  moderately  frequent  in  brackish-water  pools  at  the 
mouth  of  the  River  Don  near  Aberdeen. 

•  Ann.  and  Mag.  Nat.  Hut.,  (4),  vol  li.,  p.  418  (1868) ;  BrU.  Auoc.  JUpi.  for  1868 
(pab.  1869),  p.  280. 

t  JSiffhth  Annual  Report  Fishery  Board  for  Scotland^  Part  III^  p.  826. 

X  Seventeenth  Ann.  Report  Fishiry  Board  for  ScoUand,  Part  III.,  p.  266  Q8d9). 

^«  A.  0.  Walker,  Revision  of  the  Amphipoda  of  the  L.M.B.C.  District  (TVaiw.  L*pool, 
Biol.  Soc.,  vo\.  ix.  (1895),  p.  807. 
8 
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Marra  otfionis  (M.-Edw.). 

This  species  was  obtained  in  a  gathering  of  material  dredged  by  the 
"  (jarknd "  in  72  fathoms  in  the  Sound  of  Mull,  March  31st,  and  in 
another  gathering  collected  off  Aberdeen  in  45  fathoms,  November  7th 
1900. 

Mara  lovini  (Bruzelius).     (PI.  XVIIL,  figs  27  and  28.) 

A  damaged  specimen  of  this  species  was  obtained  in  a  gathering  col- 
lected about  fifty  miles  south-east  of  Fair  Island  in  about  60  to  65 
fathoms,  October  19th,  1900.  Figures  27  and  28  represent  the  first  and 
second  gnathopods  of  this  specimen. 

Cheirocraies  assi milts  (Lillejeborg). 

One  or  two  specimens  of  this  species  were  dredged  in  72  fathoms  in  the 
Sound  of  Mull  on  March  31st,  and  in  40  to  49  fathoms,  off  Aberdeen,  on 
October  23rd,  1 900. 

Ll  LWBBORGIID  J5.  ♦ 

LUljehorgia  kinahnni  (Bate). 

One  or  two  specimens  of  this  species  occuri*ed  in  the  same  gathering 
with  the  Cheirocrates  dredged  in  the  Sound  of  Mull  on  March  31st,  1900. 

PnOTIDiR, 

PJiotis  longicaudata  (Bate). 

This  species  was  collected  about  fifty  miles  south-south-east  of  Fair 
Island  in  October,  and  off  Aberdeen  in  45  fathoms  in  November,  1900. 

IS0HTRO0BRIDiE.t 

Inchyrocerua  anguipes^  Krbyer.     (PI.  XVIII.,  fig,  29.) 

This  species  was  obtained  in  a  tow-net  gathering  collected  in  the  Bay 
of  Nigtf,  Aberdeen,  on  July  17th,  by  Mr.  Williamson,  while  carrying  out 
some  investigations  in  the  Bay  by  means  of  a  rowing-boat.  There  does 
not  appear  to  be  any  previous  authentic  records  of  Ischyrocerus  anguipea 
for  Britain .  Figure  2  9,  PI.  XVII  I. ,  represents  one  of  the  second  gnathopods 
of  our  specimen,  which  appears  to  be  an  adult  male.  This  specimen 
though  somewhat  smaller  than  those  from  higher  latitudes,  is  in  other 
respects  quite  characteristic ;  the  Rev.  A.  M.  Norman  has  examined  the 
specimen  and  considers  it  to  be  a  true  Ischyrocerus  anguipes. 

Ischyrocerus  minutus,  Lilljeborg. 

This  species  occurred  in  some  material  collected  by  the  "  Garland  "  at 
Muckle  Ferry,  Dornoch  Firth,  on  May  19th,  and  it  was  also  obtained  in 
the  same  gathering  from  Bay  of  Nigg  in  which  the  Ischyrocerus  anguipes 
occurred. 

*  See  Revision  of  Aniphipoda,  by  Rev.  T.  R.  R.  Stebbing,  Ann,  and  Mag,  Nat,  JEtist 
(7),  vol.  iv.,  p.  211  (1899). 
t  Stebbiog,  op.  cit.,  p.  211. 
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Jassa  falcata    (Montagu).     (=  Podocerus  falcatus  (Mont.),   in  Sara* 
Crustacea  of  Norway,  vol.  iii.,  p.  594,  1895).* 

A  fine  male  specimen  of  Jassa  falcata  [Podocerus  falcatus  (Mont.)  of 
Sars*  Crustacea  of  Norway,  vol.  ill.,  p.  594]  was  found  in  the  stomach  of 
a  Long-spined  Cottus,  Coitus  scorpiuSy  captured  in  the  Bay  of  Nigg  on 
June  6th.  Another  specimen,  scarcely  mature,  was  found  adhering  to 
a  second  Cottus  scorpius  captured  in  the  Bay  in  July,  while  several 
othera  were  obtained  in  a  tow-net  gathering  collected  also  in  the  Bay  of 
Nigg  in  July. 

Jassa  pusUla  (O.  0.  Sars). 

This  was  obtained  in  a  tow-net  gathering,  collected  by  rowing-boat,  in 
Bay  of  Nigg,  in  July;  and  in  another  collected  by  the  "Garland  "  in  45 
fathoms,  off  Aberdeen,  November  11th,  19.00. 

iMicrqfassa  cumbrensis  (Stebbing  and  Robertson). 

Dredged  in  72  fathoms  in  the  Sound  of  Mull,  on  March  31st,  1900, 
and  forwarded  to  the  Laboratory  at  Bay  of  Nigg,  from  the  "  Garland." 

fParajassa  peJagica  (Leach).      [Janassa  capUlata  (Rathke),  G.  0.  Sara.] 

The  densely  setose  character  of  both  paira  of  antennaB,  gives  to  this 
species  a  striking  appearance.  A  few  specimens  were  obtained  by  Mr. 
Williamson  in  some  tow-net  gatherings  which  he  collected  in  the  Bay  of 
Nigg  in  July  and  the  beginning  of  August  (1900).  Paro/owa  was  also 
obtained  in  the  stomach  of  a  Pollack  caught  in  the  salmon-nets  in  the 
Bay  of  Nigg  on  the  4th  of  May  previous. 

It  may  be  noted  in  passing  that  Mr.  A.  0.  Walker,  in  the  Fourteenth 
Annual  Report  of  the  Liverpool  Marine  Biology  Committee  {Trans. 
L,-pooL  Bid.  Soc,  (1900),  p.  16),  objects  to  the  use  of  the  name  Parajassa 
for  a  genus  of  Amphipods,  and  states  that  he  fails  to  see  why  Jassa  of 
Leach,  1815,  should  be  displaced  by  a  genus  of  fossil  fish  founded  in 
1839.  But  the  restoration  of  Jassa  for  those  amphipods  for  which  Para- 
jassa has  been  proposed  can  only  hold  good  if  it  has  been  proved  that 
they  do  not  after  all  differ  generioally  from  such  other  forms  as  Jassa 
(Podocerus)  falcata  (Mont.).  If,  on  the  other  hand,  it  is  found  that  those 
Amphipods  really  differ  generirally  from  Jassa  falcata,  and  if,  for  the 
reason  stated,  the  name  Parajassa  may  not  be  used  for  them,  it  seems  to 
me  that  some  other  name  than  Jassa  will  require  to  be  substituted,  as  it 
can  hardly  be  utilised  for  two  genera,  even  though  they  belong  to  the 
Amphipoda  and  are  closely  allied  to  each  other. 

ErichtJionius  hunferi  (Bate). 

Specimens  of  EricMhonivs  hunteri  have  on  one  or  two  occasions  been 
observed  in  gatherings  collected  off  Aberdeen,  but  usually  in  moderately 
deep  water.  It  occurred  in  a  gathering  collected  by  the  "  Garland  "  in 
40  to  49  fathoms  on  October  23rd,  and  in  another  collected  in  45 
fathoms  on  November  7th  (1900).  There  appear  to  be  few  authentic 
British  records  of  this  species. 

*  Stebbing,  Ann.  and  Mag.  Nat.  Hiat.  (7),  vol.  ui.,  p.  237  (March  1899) ;  tee  also  A,  0. 
Walker,  op,  cU.,  vol.  iU.,  p.  294  (May  1899). 

f  For  cbangee  in  generic  names  see  Stebbing,  Revision  of  Amphipoda,  Ann,  and  M<kg. 
N<U,  HiM.y  (7),  vol.  iii.,  p.  240  (1899). 
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COROPHIID^. 

Siphoncyecetes  colletti,  Boeck. 

This  species  was  obtained  in  a  gathering  collected  about  fifty  miles 
south  south-east  of  Fair  Island  on  October  16th,  1900.  British  speci- 
mens of  this  species  have  sometimes  been  recorded  as  Siphonoecetes  typtcuSj 
Kroyer ;  but  it  seems  that  Kroyer's  S,  typicua  is  a  truly  Arctic  species. 

Garophium  grossti^es  (L.). 

A  few  specimens  of  this  (Jorophium  occurred  in  a  surface  tow-net 
gathering  collected  by  the  "  Garland  "  off  the  Ferry  Slip  at  Invergordon, 
Cromarty  Firth,  on  June  16th,  1900.  The  usual  habitat  of  this  epe'cic^ 
is  in  brackish-water  pools  which  have  a  soft  muddy  bottom,  and  it  occurs 
in  pools  of  this  description  at  the  mouth  of  the  River  Alness,  a  few  miles 
to  the  west  of  Invergordon;  these  pools  are  occasionally  covered  by  the 
sea  at  high  water.  In  such  pools  the  Corophium  may  frequently  be 
observed  rising  quickly  out  of  the  mud,  and  after  swimming  a  short 
distance  drop  down  and  as  quickly  disappear,  being  apparently  unable  to 
swim  continuously  for  any  lengthened  period.  The  presence  of  the  speci- 
mens in  the  surface  tow-net,  therefore,  may  probably  be  due  to  their 
having  been  carried  down  by  the  ebbing  tide  while  clinging  to  some  float- 
ing rubbish  ;  that  this  explanation  of  their  presence  in  the  surface  tow- net 
is  probably  the  correct  one  is  borne  out  by  the  fact  that  several  beetles 
and  other  insects  were  also  observed  in  the  same  gathering. 

Corophium  affine^  Bmzelius. 

Though  I  only  record  this  species  for  the  Moray  Firth  now,  the  one  or 
two  specimens  obtained  were  dredged  in  1895  on  July  25th.  The 
materia]  in  which  they  were  obtained  was  dredged  from  100  fathoms  a 
■few  miles  to  the  northward  of  Rosehcarty.  The  marked  difference  in  the 
form  of  the  third  pair  of  uropods,  together  with  the  slender  antennules, 
makes  this  species  easily  distinguished  from  the  other  members  of  the 
genus. 

Unciola  planipes,  Norman. 

This  species  was  dredged  by  the  "Grarland  "  off  Aberdeen  in  45  fathoms, 
November  7th,  1900.  Unciola  planipes  was  described  from  specimens 
which  Dr.  Norman  dredged  in  deep  water  oflf  the  Northumberland  coast.* 

DuLICHIID-«. 

Lastmafxyphiius  tuhercut^us,  Bruzelius. 

This  rare  species  was  represented  by  a  damaged  specimen  in  a  gather- 
ing collected  by  the  steam  trawler  "St.  Andrew"  about  fifty  miles 
south-east  of  Fair  Island,  in  about  60  to  65  fathoms,  on  October  19  th, 
1900.  LoitincUophUus  armatua  (Norm.)  was  obtained  by  Rev.  A.  M.  Nor- 
man in  material  dredged  from  100  to  110  fathoms,  N.  by  W.  of  Burra- 
firth  Lighthouse  in  1867,  and  I  at  first  thought  that  the  specimen  obtained 
off  Fair  Island  might  belong  to  the  same  species,  but  a  careful  examination 
showed  that  it  was  the  Lcemaiophilus  tubercidatua  of  Bruzelius.  G.  O. 
Sara  describes  this  species  as  rather  abundant  in  several  localities  off  the 
west  coast  of  Norway  in  depths  of  20  to  50  fathoms.     Lceimatophilua 

•Not,  nut.  Tram,  of  NoHhwmh,  and  Durham,  vol.  i.  (1886),  p.  14,  PI.  VII.,  figi.  »-ja 
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has  been  recorded  for  the  British  Islands  by  Spence  Bate  under  the  name 
of  Oyrtophium  tvberculaium, 

Dfdichia  porreda  (Bate). 

This  eusily  distinguished  species  was  obtained  in  a  gathering  collected 
by  the  "Garland  "  at  Muckle  Ferry,  Dornoch  Firth,  May  19th,  and  also 
in  a  gathering  collected  by  the  steam  trawler  "  St.  Andrew  "  fifty  miles 
south-south-east  of  Fair  Island,  October  16tb,  1900, 

Dvlichia  monacantha^  Metzger. 

This  Dulichia  was  recorded  for  the  first  time  as  a  British  species  in 
the  "Annals  of  Scottish  Natural  History"  for  January,  1898,  p.  55,  and 
afterwards  in  the  Sixteenth  Annual  Report  of  the  Fishery  Board  for 
Scotland  (1898),  Part  III.,  p.  277.  The  specimens,  which  were  from  the 
Clyde,  comprised  a  male  possessing  the  well-developed  horn-like  processes 
of  the  first  coxal  plates  and  one  or  two  doubtful  females.  During  the 
recent  investigations  carried  out  in  the  North  Sea  by  the  steam  trawler 
"  St.  Andrew  *'  numbers  of  small  fish  were  captured,  some  of  which  were 
banded  over  to  me  for  examination  in  order  to  ascertain  what  they  had 
been  feeding  on ;  among  these  were  a  number  of  Haddocks  about  four  to 
five  inches  in  length,  captured  about  sixty-five  miles  south-east  by  east  of 
Sumburgh  Head,  Shetland,  on  September  4th,  and  it  was  interesting  to  find, 
in  nearly  all  the  stomachs  examined,  spex:imens  of  DtUichia  monacantha ; 
in  several  instances  the  stomachs  of  the  young  Haddocks  were  crowded 
with  nothing  else ;  both  males  and  females  of  the  Amphipod  occurred,  but 
the  males  appeared  to  be  the  most  numerous,  and  unfortunately  almost 
all  of  them  had  been  more  or  less  damaged  by  the  teeth  of  the  fish. 
Fragments  of  Dulichia  porrecta  were  also  observed,  and  also  of  Aceroa 
phyllonijx,  and  a  few  other  forms,  but  these  appeared  to  be  rare.  Dulichia 
monacantha  occurred  also  in  a  bottom  tow-net  gathering  collected  abont 
fifty  miles  south-east  of  Fair  Island  on  October  19tb  (1900). 

CAFBBLLIDifi. 

PTUisica  marina,  Slabber. 

This  species  was  not  uncommon  in  gatherings  collected  to  the  east  of 
Fair  Island,  October  19th,  1900. 

ProteUa  phasma  (Mont.). 

This  was  occasionally  obtained  in  gatherings  collected  off  Aberdeen  in 
October  and  November  last  by  the  Fishery  steamer  *^  Garland.'' 

Caprella  (T)  septentrumalis,  Krbyer. 

The  Caprdlas  which  I  have  ascribed  to  Kroyer's  C  septentriondlia  wore 
on  several  occasions  obtained  in  the  stomachs  of  Pollack,  Gadus  pollachiua, 
captured  in  the  salmon-fishers'  nets  in  the  Bay  of  Nigg,  but  rarely  in  the 
stomach  of  the  Cod ;  they  were  observed  in  the  stomachs  of  these  fishes 
during  April  and  May  last  year,  and  I  have  no  notes  of  their  occurrence 
during  any  of  the  other  months.  An  immense  number  of  Caprdlas  were 
obtained  in  the  stomach  of  a  half-grown  Pollack  captured  on  April  20th ; 
males  and  females  appeared  to  be  equally  numerous,  the  stomach  was 
packed  with  them.  Among  other  things  observed  in  this  stomach  were 
one  or  two  Idotea  pdagica  and  fragments  of  two  Amathilla  Tiomari, 
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None  of  these  Bay  of  Nigg  Caprdlas — which  I  think  belong  all  to  the 
one  species — roach  the  dimensions  given  by  G.  0.  Sars  for  Caprella 
sepfentriona/is;  the  largest  males  obtained  in  the  stomachs  oi  the  Pollacks 
measured  from  20  to  about  22  millimeters  in  length,  while  the  adult 
females  were  only  about  half  that  size ;  the  measurements  given  by  Sars, 
on  the  other  hand,  are  "length  of  adult  female  reaching  19  mm.,  of  male 
27  mm."  Some  of  the  Bay  of  Nigg  males  and  the  greater  proportion  of 
the  females  are  rather  more  prominently  tuberculated  than  they  are 
shown  to  be  in  Professor  Sars's  description  and  figures,  but  with  these 
exceptions  they  appear  to  be  identical  with  Caprella  septeniiiondlis,  Kroyer. 
The  second  gnathopoils  of  the  male  are  large  and  powerful,  they  are 
articulated  slightly  behind  the  middle  of  the  second  segment  of  the 
mesosome,  and  the  propodos  is  armed  with  a  stout  claw ;  the  distal  portion 
of  the  claw  is  strongly  curved,  and  the  inner  margin  near  the  base  is 
furnished  with  a  shallow  but  distinct  tooth  ;  the  palm  of  the  propodos 
has  a  dense  fringe  of  short,  slender  bristles.  The  surface  of  the  body  is 
thickly  besprinkled  with  minute  points,  and  in  certain  positions,  when 
viewed  with  an  inch  objective,  the  bases  of  these  points  look  like  hyaline 
circular  depressions,  and  it  is  only  when  the  light  strikes  across  the  surface 
of  the  body  that  the  projecting  points  can  be  seen. 

One  thing  which  appears  to  militate  against  the  Bay  of  Nigg  CapreUaa 
being  really  the  C7.  septentrionaJis  of  Kroyer  is  that  the  distribution  of  that 
species  seems  to  be  arctic  or  sub-arctic  rather  than  north  temperate ;  but 
the  same  may  be  said  of  Ischyrocerus  anguipesy  Kroyer,  an  undoubted 
example  of  which  hap  been  found  in  the  Bay  of  Nigg;  of  Anonyx  nugax 
(Phipps),  which  has  been  obtained  near  the  May  Island,  Firth  of  Forth, 
and  in  the  Cromarty  Firth ;  of  Byhlis  gaimardi  (Kroyer),  also  obtained 
of!  the  May  Island,  as  well  as  of  other  northern  forms  which  have  been 
found  on  various  parts  of  the  Scottish  coasts.  If  the  above  objection 
shows  anything,  it  is  rather  that  our  knowledge  of  distribution  is  not  yet 
complete,  and  that,  as  the  investigation  of  our  seas  is  proceeded  with,  it 
is  highly  probable  that  other  forms,  whose  distribution  was  wont  to  be 
considered  more  northern  or  more  southern,  will  yet  turn  up  to  swell 
the  list  of  the  Scottish  marine  fauna.* 

An  interesting  fact  in  connection  with  the  Bay  of  Nigg  Caprdlas  is 
that  such  a  large  number  of  them  should  be  found  in  the  stomach  of  a 
single  fish;  it  seems  as  if  the  Pollack  had  been  able  to  discriminate 
between  the  various  organisms  which  happened  to  be  within  its  reach  and 
that  it  had  selected  the  Caprellas  in  preference  to  the  others.  But,  as  is 
well  known,  Caprdla  consist*  of  an  elongated  slender  body,  to  which 
are  articulated  still  more  slender  appendages;  it  can  therefore,  one  would 
think,  afford  little  nourishment  to  a  hungry  fish ;  and  why  the  fish  should 
select  this  creature  in  preference  to  more  succulent  morsels,  such  as  some 
of  the  common  Gammaridse,  the  smaller  EupaguridoB,  and  others,  is  some- 
what curious. 

Sub-order    ISOPODA 

Tanaid^b. 

TypMotanaia  hrevicomis  (Lilljeborg). 

This  species  was  obtained  in  a  gathering  collected  by  the  steam  trawler 
"  St.  Andrew,"  on  November  3rd,  about  thirteen  or  fourteen  miles  north- 
east from  Buckie,  in  50  to  55  fathoms.     This  is  the  first  time  that  a 

•  It  is  also  to  bo  noted  th.at  Caprella  septentrionalis,  Kroyer,  has  also  l;eeu  recorded  from 
the  Clyde  on  the  authority  of  the  late  Dr.  Robertson  of  Millport. 
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Bpecies  of  TypMotanais  has  beea  observed  in  the  Britiah  seas,  and  that 
this  should  be  so  is  the  more  interesting  from  the  fact  that  no  fewer  than 
nine  species  are  known  to  occur  oflP  the  coast  of  Norway,  but  the  majority 
of  them  are  small,  and  limited  in  their  distribution  to  moderately  deep 
water,  and  this  may  account  to  some  extent  for  their  having  escaped  notice 
hitherto.     The  length  of  TypMotanais  brevicornis  is  only  about  1^  mm. 

Faratanais  baieiy  G.  O.  Sars. 

This  species  was  collected  by  the  "  Garland  "  in  Loch  Etive  in  9  fathoms, 
off  Abbot's  Inland,  on  March  30th.  This  is  a  new  station  for  Paratanaie 
batei  on  the  West  Coast. 

Leptognathia  breviremis  (Lilljeborg). 

This  was  collected  by  the  "  Garland  "  off  Aberdeen  in  45  fathoms  on 
November  11th  last  year. 

Leptognathia  brevimana  (Lilljeborg). 

L,  brevimana  is  a  more  slender  species  than  the  last,  and  is  readily 
distinguished  by  the  structure  of  the  uropods,  the  outer  branches  of 
which  appear  to  be  but  spiniform  prolongations  of  the  outer  angles  of  the 
basal  joints.  I  have  one  or  two  records  of  this  species  for  the  Moray 
Firth,  where  it  has  been  taken  by  the  "  Garland,''  as  well  as  off  Aberdeen, 
where  it  Was  collected  in  45  fathoms  along  with  the  next  form  on 
November  11th. 

Leptognathia  (1)  longiremis  (Lillj.),  var.     (PI.  XVIII.,  figs.  30-38.) 

In  the  female  of  this  Leptognathia  the  body  is  elongated  and  narrow, 
being  about  seven  t^mes  longer  than  broad  (fig.  30).  The  terminal  segment 
of  the  metasome  has  no  apparent  denticle  on  its  lateral  margins  as  in 
Leptognathia  longiremis  (Lilleborg).  The  antenuules  (superior  antennae) 
are  moderately  elongate,  being  equal  to  about  one-sevei)th  of  the  length  of 
the  body  ;  in  the  majority  of  the  spccimentj  examined  the  antennules  were 
four-jointed  (fig.  32),  but,  on  the  other  hand,  a  number  were  observed 
which  had  the  antenuules  distinctly  five-jointed  (fig.  33),  though  in  other 
respects  they  appeared  to  be  identical  with  those  possessing  the  four- 
jointed  antennules.  In  the  four-jointed  antennules  the  first  joint  ia 
scarcely  so  long  as  the  combined  lengths  of  the  next  three  joints,  the 
second  and  the  last  joints  are  nearly  equal,  while  the  third  is  only  equal 
to  about  half  the  length  of  the  preceding  joint.  In  the  five-jointed 
antennules  the  first  joint  is  about  twice  as  long  as  the  second;  the 
second,  in  its  turn,  is  about  the  length  of  the  third  joint ;  the  fourth  joint 
is  very  small,  while  the  end-joint  is  nearly  as  long  as  the  entire  length 
of  the  third  and  fourth. 

The  antennse  (inferior  antennae)  are  very  similar  to  those  of  Lepto- 
gnathia longiremis  (Lillejborg),  (fig.  35). 

The  chelipeds  (fig.  36)  and  the  walking  legs  are  very  similar  to  the 
same  appendages  in  the  female  Leptognathia  longiremis. 

The  inner  branches  of  the  uropods,  which  are  elongated,  consist  of  two 
sub-equal  joints,  but  the  outer  branches,  which  are  also  two-jointed,  are 
scarcely  as  long  as  the  first  joint  of  the  inner  branches  {^g,  38).  Length 
of  the  female  scarcely  2 '5  mm. 

In  the  male  the  body  is  considerably  shorter  and  broader  than  that  of 
the  female  (fig.  31).  The  antennules  are  proportionally  longer  than  those 
of  the  female ;  the  first  two  joints  of  the  peduncle  are  dilated,  but  the 
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second  is  only  about  half  as  long  as  the  first  one  ;  the  penultimate  joint 
of  the  flagellum  is  distinctly  longer  than  either  the  preceding  or  the 
following  joints  (fig.  34). 

The  chelipeds  of  the  male  (fig.  37)  are  nearly  as  robust  as  those  of  the 
female ;  they  are  each  provided  with  a  transverse  row  of  slender  spines 
similar  to  those  on  the  hands  of  the  male  chelipeds  in  LeptogncUhta 
Umgiremia. 

Habitat, — In  the  deep  water  off  Aberdeen  and  in  the  Moray  Firth ;  not 
very  rare. 

Remarks  — This  Leptognathia  is,  in  its  general  appearance,  as  well  as 
in  some  of  its  structural  details,  not  unlike  Leptoynaihia  longiremis 
(Lilljeborg),  but  it  appears  to  be  a  smaller  form,  and  it  differs  in  the 
terminal  segment  of  the  metasome,  having  no  apparent  denticles  on  its 
lateral  margins. 

In  the  male  there  are  one  or  two  marked  differences,  and  especially  in 
the  structure  of  the  antenuules.  In  the  antennules  of  the  male  of 
Leptogiiathia  longiremis  the  last  two  joints  of  the  flagellum  are  about 
equal  to  each  other  in  length,  and  each  of  them  is  much  longer  than  either 
of  the  two  preceding  joints,  whereas  in  the  form  under  consideration 
the  end-joint  is  not  much  more  than  half  the  length  of  the  penultimate 
one,  and  its  length  does  not  greatly  exceed  that  of  the  antepenultimate 
joint.  Moreover,  the  inner  branches  of  the  uropods  appear  to  be  only 
two-jointed,  whereas  in  the  male  of  Leptognathia  longiremis  they  appear 
from  the  drawings  of  Prof.  G.  0.  Sars  to  be  three-jointed.*  Male 
specimens  appear  to  be  very  scarce. 

Tanaopsis  laticattdaf-aj  G.  O.  Sars. 

This  Isopod,  which  I  have  recorded  from  the  Clyde  and  one  or  two 
other  places,  has  had  its  known  distribution  still  further  extended  during 
the  past  year,  having  been  obtained  by  the  "  Garland  **  in  Loch  Etive^  and 
also  in  Loch  £il  (off  the  head  of  Loch  Linnhe).  The  species  was  collected 
in  Loch  Etive  near  Abbot's  Island  in  9  fathoms  on  March  30th,  and  in 
Loch  Eil  in  30  fathoms  on  April  3rd,  1900. 

Pseudotanais  forcipaius  (Lilljeborg). 

This  species  occurred  along  with  the  TypTUotanfiis  brevieomis  pre- 
viously recorded  in  the  gathering'  collected  in  50  to  55  fathoms,  north-east 
of  Buckie,  on  November  3rd.  Pseudotanais  forcipaius  is  not  very  rai-c 
in  the  Moray  Firth,  especially  in  comparatively  shallow  water,  as  at 
Guillam  Bank,  in  8  to  10  fathoms. 


CiROLANIDiE. 

Cirolana  borealis,  Lilljeborg. 

A  specimen  of  Cirolana  borealis  occurred  in  a  gathering  collected  by  the 
"  St.  Andrew  "  to  the  eastward  of  Fair  Island  on  October  12th.  The 
same  species  has  also  been  obtained  by  the  **  Garland  "  off  the  coast  of 
Caithness  and  in  the  Clyde.  Rev.  A.  M.  Norman  records  it  as  not 
uncommon  on  the  "  Haddock  Ground  "  near  Whalsey  Skerries,  and  in 
St.  Magnus  Bay,  Shetland.t 

♦  "  Crustacea  of  Norway,"  vol.  ii.  (Isopoda),  Plate  XII. 
t  Brit,  A880C,  Reporty  1869,  p.  288. 
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Eurydice  pulchra,  Leach. 

Eurydice  was  takeu  with  the  surface  tow-net  by  the  "  St.  Andrew  "  on 
October  15th  while  at  anchor  in  Lerwick  Bay,  Shetland  ;  only  one  or  two 
specimens  were  observed.  Rev.  A.  M.  Norman  has  recorded  the  same 
species  from  St.  Magnus  Bay. 

Idothbid^. 

Idothea  peloffiea,  Leach. 

Specimens  of  this  small  Isopod  were  frequently  observed  in  the 
stomachs  of  Pollacks  and  Flounders,  Pleuronectes  Jfesus,  captured  in  the 
salmon  nets  in  the  Bay  of  Nigg  during  the  past  spring  and  summer 
(1900)  ;  sometimes  they  occurred  in  considerable  numbers  and  in  a  fairly 
perfect  condition.  The  same  Isopod  was  also  occasionally  observed  in 
tow-net  gatherings  collected  in  the  Bay;  the  specimens  observed  com- 
prised both  males  and  females — some  of  the  latter  with  ova. 

Idothea  emarginata  (Fabricius). 

This  Idothea  was  also  of  frequent  occurrence  in  the  stomachs  of  fishes 
captured  in  the  salmon-nets  in  the  Bay  of  Nigg ;  it  was  also  obtained  in 
some  of  the  gatherings  collected  by  the  "  Qarland "  off  Aberdeen  in 
November  last. 

Idothea  linearis  (L.). 

This  species  was  obtained  in  the  stomachs  of  Pollacks  captured  in  the 
salmon-nets  in  the  Bay  of  Nigg — especially  in  the  stomachs  of  those 
captured  in  April.  In  one  or  two  of  the  stomachs  of  Pollacks  captured 
on  the  2nd  of  the  month  Idothea  baltica,  pelagica,  emarginata^  and 
linearis  were  observed,  together  with  Paratylus  swammerdami,  AmathUla 
homari,  Farajassa  pdagica^  Caprella  septentrionalis^  and  a  post-larval 
Eel,  ^^  Leptocephalusy 

ABGTUBIDiE. 

AstacUla intermedia  (Qoodaix),     (=Astacilla  affinisy  G.  O.  Sars.)* 

Males  and  females  of  this  Isopod  were  obtained  in  three  separate 
gatherings  of  Crustacea  collected  by  the  *'  St.  Andrew ''  about  fifty  miles 
south-east  of  Fair  Island,  in  about  66  fathoms,  on  October  1 9th,  but  only  a 
few  specimens  altogether  were  observed.  Another  species — AstacUla 
longicoimis  (Sowerby)— is  described  by  Rev.  A.  M.  Norman  as  common  in 
the  Shetland  Islands.t  No  specimens,  however,  were  observed  in  the 
gatherings  collected  by  the  "St.  Andrew,"  but  a  few  were  obtained  in 
one  of  the  deep-water  gatherings  collected  by  the  "Garland"  off  Aberdeen 
on  October  25th ;  this  gathering  was  from  60  fathoms.  It  also  occurred 
in  a  gathering  from  45  fathoms  collected  on  November  11th. 

Arciurdla  dUatata,  G.  O.  Sars. 

This  somewhat  rare  species  was  obtained  in  one  of  the  gatherings  col- 
lected to  the  east  of  the  Fair  Island  on  October  12th.     The  only  other 

♦  Sara,  "  An  Account  of  the  Crastaceaof  Norway,"  toI.  ii.,  Porta  v.  and  vi.  (1897),  p.  90, 
PI.  XXXVII.,  fig.  2.  The  Rev.  A.  M.  Normau  considers  that  A,  affinis,  G.  0.  Sain,  is 
identical  with  Goodsir's  A.  irUernudia. 

t  Brit  Ataoc.  Rept.,  1869,  p.  289. 
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British  reconi  for  Arcturdla  that  T  at  present  know  of  is  that  of  the  late 
Dr.  Robertson  of  Millport  for  the  Clyde ;  he  dredged  it  off  Blackwater- 
foot,  Arran,  Firth  of  Clyde,  in  20  fathoms.* 

MUNNIDiE, 

Paramunna  hilohata^  G.  O.  Sars. 

This  small  species  was  obtained  in  a  gathering  collected  soath-east  of 
Fair  Island  on  October  19th,  in  about  65  fathoms.  This  species,  though 
small,  is  quite  distinct,  and  appears  to  be  extensively  distributed  around 
the  Scottish  coasts.  It  is  one  of  the  species  obtained  in  the  stomachs  of 
small  Haddocks  captured  sixty-five  miles  south-east  by  east  of  Sambargh 
Head  on  September  4th,  1900. 

Pleurogonium  inerme^  G.  0.  Sars. 

P,  inemve  was  dredged  off  Aberdeen  by  the  *'  Garland ''  in  45  fathoms 
on  November  7th,  1900. 

Pleurogonium  epinosiminum^  G.  O.  Sars. 

One  or  two  specimens  of  this  distinct  npecies  were  dredged  by  the 
"Garland  "  in  the  Sound  of  Mull  in  72  fathoms  on  March  31st,  1900. 

DESMOBOMIDiE. 

Macrofftylis  spinifera,  G.  O.  Sars.     (PL  XVIII.,  fig.  39.) 

A  single  damaged  specimen,  which  is  represented  by  figure  39  on  Plat« 
XVIII.,  was  obtained  amongst  a  small  quantity  of  sand  collected  by  the 
"St.  Andrew  "about  fifty  miles  south-east  of  Fair  Island  on  October  19th, 
1900  ;  nearly  all  the  appendages  of  the  specimen  were  broken  off* — even 
the  sty li form  uropods  were  damaged.  The  species  was  obtained  in  about 
65  fathoms,  and  is  an  addition  to  the  British  fauna.  Prof.  Sars  mentions 
that  it  occurs  in  a  few  Norwegian  localities,  from  the  Lofoten  Islands  to 
Christiania  Fjord,  and  that  the  Vana  longiremis  of  Meinert  from  the 
Kattegat  belongs  also  to  this  species. 

Echinopleura  aculeata,  G.  O.  Sars.     (PI.  XVIIL,  fig.  40.) 

This  Isopod  was  obtained  iu  the  same  gathering  with  the  last,  and  is 
also  an  addition  to  the  British  Crustacean  fauna.  Two  specimens  were 
observed,  and  both  were  damaged  ;  it  is  the  best  specimen  of  the  two  which 
is  represented  by  figure  40  on  Plate  XVIII.  The  Norwegian  distribution  of 
Echiiiopleura  appears  to  be  similar  to  that  of  Maerostylis,  but  Prof. 
Sars  remarks  that  "  it  seems  everywhere  to  be  very  rare.''  The  form  of  the 
body  and  the  strongly-serrated  margins  of  the  segments  impart  to 
Echinopleura  quite  a  distinctive  character. 

BOPTRIDifi. 

Phryxus  abdominalis  (Kroyer). 

This  Epicarid  was  moderately  frequent  on  the  specimens  of  Spirofito- 
carts  securi/rons  captured  by  the  "  Garland "  off"  Aberdeen  in  October  and 
November  last.     What  appears  to  be  the  same  species  of  Phryxua  was 

*  "  Ani))hipoda  and  Isopocla  of  the  Firth  of  Clyde,"  Part  ii.,  p.  28(1892),  separate  copy. 
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also  obtained  on  Sptrontocaris  pusiolay  collected  by  the  "  Garland  "  in  45 
fathoms  off  Aberdeen,  November  7th. 

Professor  G.  O.  Sars  states  that  Phryxvs  abdominalis^  which  is  the 
commonest  of  the  Norwegian  Bopyrids,  is  found  infesting  no  fewer  than 
nine  different  Carides :  —  Spirontocaris  gaimardiy  polarts,  jmsiola^  turgida, 
sptntiSf  and  aecurifi'onSf  and  Pandalus  montagu%  horealis^  and  propinquvs, 
and  probably  one  or  two  others.*  On  the  other  hand,  M.  Bonnier,  who, 
along  with  Professor  Giard,  has  devoted  a  long  time  to  the  study  of  these 
crustaceans,  considers  that  the  identity  of  the  Bopyrids  from  all  these 
different  species  of  the  Caridea  with  the  Phryxus  abdominalia  of  Kroyer, 
which  is  found  on  Sptrontocaris  gaimardi,  M.-Edw.,  is  at  least  open  to 
doubt.t  I  may  say,  however,  that,  so  far  as  I  have  been  able  to  make 
them  out,  the  species  I  have  recorded  above  agree  very  well  with  the 
desoription  and  figures  of  Phryocus  ahdominalis^  Kroyer,  given  by  Professor 
Sars  in  the  work  referred  to. 

Sub-Order  SYMPODA,  Stebbing,  1900  (CUM  ACE  A,  Auctorum). 

Rev.  T.  R.  R.  Stebbing  has  shown  that  Gv/niOf  so  familiar  as  the  name 
of  a  genus  of  Crustaceans,  had  long  before  been  used  as  the  name  of  a 
Molluscan  genus,  and  further,  that  it  was  necessary  that  the  sub-ordinal 
name  "Cumacea,"  which  had  been  derived  from  Cuma  and  therefore 
could  not  stand,  must  be  replaced  by  some  other,  and  the  name  he 
proposes  as  a  substitute  is  "  Sympoda."  t 

Fam.  BoDOTRiiDJE,  Stebbing 

The  generic  name  Cuma  being  set  aside  as  preoccupied,  leaves  room  for 
the  restoration  of  Goodsir's  Bodotria,  and  as  Bodotria  is  the  typical  and 
the  oldest  genus  in  the  family  with  which  it  is  associated,  it  necessarily 
forms  the  basis  of  the  family  name. 

Genus  Bodotria^  Goodsir  (1843). 

Bodotria  arenosa,  Goodsir  {Cuma  acorpioideSf  G.  0.  Sars),  was  obtained 
in  a  gathering  collected  by  the  steam  trawler  "  St.  Andrew,"  about  fifty 
miles  south-south-east  of  Fair  Island  on  October  16th  ;  in  this  species  the 
inner  ramus  of  the  uropods  is  composed  of  a  single  piece.  Bodotria 
scorpioides  (Mont.)  (=:  Cuma,  edwardsii^  Goodsir)  has  been  obtained  in 
gatherings  collected  during  the  past  year  in  the  Dornoch  Firth,  and  off 
Aberdeen ;  in  this  species,  which  appears  to  be  more  common  than  the 
previous  one,  the  inner  ramus  of  the  uropods  is  distinctly  biarticulated. 
Bodotria  pulchetla  (G.  0.  Sars)  occurred  in  gatherings  collected  by  the 
''  Garland "  off  Aberdeen  in  36  to  49  fathoms  in  October,  and  in 
November  in  45  fathoms. 

Genus  IphinoH,  Spence  Bate  (1856). 

Iphinoe  serraia,  Norman,  was  moderately  frequent  in  one  or  two  of  the 
gatherings  collected  to  the  south-eastward  of  Fair  Island  in  October  last. 

*  G.  0.  Sars,  '*An  Account  of  the  Crustacea  of  Norway,"  rol.  ii.  (Isopoda),  p.  217 
(1896-99). 

t  Jules  Bonnier,  "  Contribution  a  I'^tude  des  Epicarides  Les  Bopyridse,"  Publtcaiions  de 
la  Station,  Zool.  de  Wimereux,  viu.,  p.  881  (1900). 

X  Stebbing  :  On  Crustacea  brought  by  Dr.  Willey  from  the  South  Seas.  A,  Willet/'B 
Zoological  Results  part  v.,  p.  609  (Dec.  1900). 
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Fam.    liAMPROPIDiE. 

Lamprops  fasnata^  G.  0.  Sara. 

This  species  was  frequent  in  some  tow-net  gatherings  collected  by  the 
"  Garland  "  while  at  anchor  off  Ardjachie  Point  in  the  Dornoch  Firth, 
between  8.45  p.m.  on  the  16th  and  5  a.m.  on  the  17th  of  May,  1900. 

Hennilamprops  rosea  (Norman). 

This  was  moderately  frequent  in  tow-net  gatherings  collected  off  Fair 
Island  in  October,  and  it  was  also  observed  occasionally  in  the  stomachn 
of  small  Haddocks  captured  about  65  miles  south-east  by  east  of  Sumburgh 
Head  in  September.  It  was  the  only  species  belonging  to  the  Lam- 
propidsB  observed  in  the  gatherings. 

Fam.  Leuconidjs. 

LetLcon  nadcus  (Kroyer). 

L.  nasicus  was  also  one  of  the  more  common  forms  in  the  gatherings 
collected  off  Fair  Island  by  the  steam  trawler  "  St.  Andrew  "  in  October 
last. 

Etulorellopsis  defoimis  (Kroyer). 

This  curious  small  species  was  occasionally  observed  in  company  with 
Euflordla  inaryinata  (Kroyer)  in  the  gatherings  collected  off  Fair 
Island,  but  neither  the  one  nor  the  other  was  very  frequent. 

Fam.   DiASTYLIDiE. 

Diasfylis  lucifera  (Kroyer)  and  DiaatyltLS  rostrata  (Groodsir)  have 
both  been  obtained  in  tow-net  gatherings  collected  in  the  Bay  of  Nigg, 
near  Aberdeen,  by  Mr.  H.  C.  Williamson  in  July,  1900,  while 
engaged  in  some  special  researches  in  the  Bay. 

Diastylia  tumida  (Lilljeborg). 

A  single  specimen  of  this  somewhat  rare  species  was  obtained  in  8'>me 
material  dredged  by  the  '* Garland"  in  130  fathoms  a  few  miles  to  the 
north  of  Rosehearty,  Moray  Firth. 

DiastylU  co}*nutu8  (Boeck). 

Several  specimens  of  this  well-marked  species  occurred  in  tow-net 
gatherings  collected  in  deep  water  about  fifty  miles  south-eastward  of 
Fair  Island  on  the  12th  and  19th  October.  Diaatylis  comutus  was 
obtained  for  the  first  time  as  a  British  species  by  the  Rev.  A.  M. 
Norman,  who  dredged  it  in  Shetland  in  1863.  Most  of  the  specimens 
collected  off  Fair  Island  were  more  or  less  damaged. 

Diastylopsis  resiina  (Kroyer). 

This  species  also  occurred  in  the  gatherings  collected  off  Fair  Island 
along  with  Diastylis  comutus ;  male  and  female  specimens  of  Diastylopsis 
resima  were  observed,  but  though  the  species  was  moderately  frequent, 
few  of  the  specimens  were  undamaged,  and  nearly  all  were  more  or  less 
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covered  with  mud.  This  is  the  first  time  that  Biastylopsis  resima  has 
been  observed  in  Scottish  waters.  Diastyloides  biplicata,  G.  0.  Sars, 
was  also  frequent  in  the  same  gatherings. 

Leptostylis  viUosa,  G.  O.  Sars.     (PI.  XVIII.,  fig.  41.) 

This  species  has  been  added  to  the  British  fauna  during  the  past  year. 
The  first  specimens  were  obtained  in  the  Firth  of  Clyde  in  1896  in  a 
tow«net  gathering  from  40  fathoms  collected  by  the  *' Garland''  between 
Arran  and  the  coast  of  Ayrshire.  It  has  also  been  observed  in  a  tow-net 
gathering  collected  fifty  miles  south-east  of  Fair  Island,  in  about  60  to 
65  fathoms,  on  October  19,  by  the  steam  trawler  "  St.  Andrew." 
Leptostylis  vUloaa  may  be  distinguished  from  its  confreres  by  the 
peculiar  form  of  the  marginal  serration  of  the  carapace;  figure  41,  Plate 
XVIIL,  represents  a  small  portion  of  the  margin  of  the  carapace,  and 
shows  the  peculiar  form  of  the  serration. 

PsEUDOCUMIDiE. 

Pseudocuma  nmilis,  G.  0.  Sars. 

This  species  has  also  been  lately  added  to  the  British  fauna  from  the 
Firth  of  Clyde.  It  was  obtained  in  a  gathering  collected  by  the 
"  Garland  "  in  moderately  deep  water  near  the  mouth  of  the  estuary  in 
December,  1 899.  Pseudocunia  simUis  has  also  been  obtained  in  gather- 
ings collected^  by  the  steam  trawler  ''St.  Andrew''  ofi*  Fair  Island  in 
about  80  to  85  fathoms  on  October  16th,  and  by  the  '^  Grarland "  off 
Aberdeen  in  42  to  45  fathoms  on  November  7th  and  12th,  1900. 
Although  it  is  not  very  difficult  to  recognise  this  Pieudocuma  after  the 
observer  has  become  familiar  with  its  peculiarities,  it  nevertheless  so 
closely  resembles  the  more  common  Psefddocuma  eercaria  (v.  Beneden), 
with  which  it  is  frequently  associated,  that  it  may  be  readily  passed  over  as 
belonging  to  that  species.  Pseudocuma  similis  has  also  recently  been 
recorded  from  the  Irish  Sea,*  which  seems  to  indicate  that  the  distribu- 
tion of  this  species  in  British  waters  may  be  fairly  extensive. 


PetaJosarsia  dedivis,  (G.  O.  Sars). 

Petalosarsia  was  obtained  in  at  least  three  different  gatherings 
collected  by  the  "  Garland  "  off  Aberdeen  in  October  and  November  last 
year ;  it  occurred  in  a  gathering  from  36  to  49  fathoms  collected  on 
October  23rd,  and  in  one  from  60  fathoms  collected  on  the  25th,  and  it 
also  occurred  in  a  gathering  collected  on  November  7th  from  45  fathoms. 
The  same  species  was  also  observed  in  one  of  the  gatherings  collected 
by  the  steam  trawler  ''  St.  Andrew  "  off  Fair  Island  on  October  16th. 


NANNASTACIDiE. 

CumeUa  pygmoea,  G.  0.  Sars. 

This  small  species  occurred  in  the  gathering  collected  by  the  "  Gar- 
land "  in  45  fathoms  off  Aberdeen  on  November  7th.  It  was  also  collected 
in  Aberdeen  Bay  by  Mr.  H.  C.  Williamson  on  August  the  9th.  The 
species  is  very  small  and  easily  missed. 

*  A  Hcott,  in  LoMtoihirt  Sea  Fisheries  Report  for  1900  (March  1901). 
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Nannastacus  unguiculaiay  Speace  Bate. 

Male  and  female  specimeus  of  this  curious  species  were  captured  by 
the  steam  trawler  *'  St.  Andrew  *'  in  Lerwick  Bay,  Shetland,  by  means 
of  a  surface  tow-net  put  overboard  for  four  hours  while  the  vessel  was 
at  anchor.  A  single  male  specimen  of  Vauntlwmpaonia  cristaia  was 
also  obtained  in  this  gathering.  Nannastacus  unguiculata  was  taken 
at  Shetland  in  1863  by  the  Rev.  A.  M.  Korman;  it  was  also  taken  in 
Lerwick  Bay  in  1867  by  David  Robertson  by  means  of  a  surface  tow- 
net,*  and  in  connection  with  this  it  is  interesting  to  note,  from  the  point 
of  view  of  the  distribution  of  the  species,  that  though  Vaunthompsonia 
cristaia  and  Nannastacus  unguiculata  are  both  members  of  the  Shetland 
marine  fauna,  and  the  latter  especially  not  uncommon,  yet  Professor  G. 
0.  Sars  in  his  work  on  the  Norwegian  species  belonging  to  the 
Sympoda,  recently  published,  does  not  include  either  of  the  forma 
named. 

CAMPYIJlSPIDiE. 

Campylaspis  ruhicumla  (liilljeborg). 

This  species  was  obtained  in  gatherings  collected  by  the  "St 
Andrew  *'  off  Fair  Island  on  the  12th,  16th,  and  19th  of  October  at  various 
depths  from  60  to  over  80  fathoms. 

Campylatfpis  costata,  0.  O.  Sars. 

This  species  was  obtained  in  the  same  gatherings  with  the  last,  and 
was,  if  anything,  more  frequent.  It  also  occurred  in  a  gathering  from 
Loch  Aber  (upper  end  of  Loch  Linnhe)  collected  by  the  *'  Garland  "  in 
82  fathoms  on  April  2nd. 

Sub-order  SCHIZOPODA. 

MTSIDiB. 

Mysulopsis  diddphys  (Norman). 

This  Schizopod  has  been  obtained  during  the  past  year  by  the 
"  Garland*'  off  Aberdeen,  and  by  the  "  St.  Andrew"  off  the  Fair  Island. 
It  was  collected  off  Fair  Island  in  60  to  70  fathoms  on  the  19th  of 
October,  and  off  Aberdeen  in  60  fathoms  on  the  25th  of  the  same  month. 
The  Rev.  A.  M.  Norman  obtained  it  in  40  to  50  fathoms,  five  to  eight 
miles  east  of  Balta,  Shetland.t 

Heteromysis  fo)*mo8a,  S.  I.  Smith. 

Hitherto  the  Firth  of  Forth  is  the  only  Scottish  locality  whence 
this  Si:hizopod  has  been  recorded. t  It  is  one  of  the  many  species  which 
have  been  added  to  the  Scottish  marine  fauna  as  one  of  the  results  of  the 
investigations  carried  on  under  the  direction  and  by  the  encouragement 
of  the  Fishery  Board  for  Scotland.  1  have  now  to  record  Heteromysis 
formosa  for  the  first  time  for  Loch  Fyne  and  the  Moray  Firth.  It 
occurred  with  some  other  rare  things  in  material  dredged  by  the 
"  Grarland  "  at  Tarbert  Bank,  Lower  Loch  Fyne,  in  about  20^fathom8y  on 

*  Norman.     Lait  Report  on  Dredg^ing  among  the  Shetland  Islands ;  lUpt,   BriL 
Assoc,  for  1868,  p.  270.    (Pub.  1869). 
t  Norman,  op,  ri(.,  p.  267. 
i  Seventh  A  nnual  Jtqtort  qf  the  Fishery  Board  for  Scodand,  part  iii.,  p.  828. 
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December  22nd,  1899,  and  again  on  the  28th  of  March,  1900;  only 
three  specimens  altogether  were  observed,  and  two  of  them  were  slightly 
damageid.  The  species  was  obtained  in  the  Moray  Firth  district  at 
Station  IV.  (off  Little  Ferry),  in  7  to  10  fathoms,  on  April  10th,  1900. 
This  gathering,  which  was  collected  by  the  "  Garland,"  yielded  only 
one  or  two  specimens  of  the  Schizopod. 


Erythrops  serrata,  G.  0.  Sars. 

This  species  has  been  obtained  during  the  past  year  in  gatherings  col- 
lected south-eastward  of  Fair  Island,  on  the  16th  and  19th  October,  by 
the  "  St  Andrew,"  at  a  depth  of  60  to  80  fathoms.  It  was  also  collected 
by  the  "Garland"  in  60  fathoms,  off  Aberdeen,  on  October  25th. 
Erythrops  serrata,  which  is  also  one  of  the  Schizopods  obtained  by  the 
Rev.  A.  M.  Norman  while  dredging  among  the  Shetland  Islands,*  does 
not  appear  to  be  a  rare  species  in  the  North  Sea. 


Macropsis  slahberi  (Van  Beneden). 

Though  Macropsis  is  frequent  enough  on  some  parts  of  the  East  Coast 
of  Scotland,  and  was  recorded  for  the  Firth  of  Forth  by  Dr.  Henderson 
as  long  ago  as  1884,  I  have  only  recently  been  able  to  find  traces  of  it  on 
the  West  Coast.  I  obtained  an  undoubted  specimen  of  this  species  in 
the  stomach  of  a  young  Herring — one  of  several  which  Dr.  Fulton  had 
received  from  Annan,  Solway  Firth,  and  which  he  had  kindly  handed 
over  to  me  for  examination.  The  fact  that  Macropsis  was  found  in  the 
stomach  of  this  Herring  from  the  Solway  is  fairly  satisfactory  evidence 
that  the  species  exists  somewhere  near  the  place  where  the  fish  was 
captured.  The  Herring  were  captured  on  July  30th,  1900.  Macropsis 
slahberi  has  also  been  obtained  in  a  tow-uet  gatliering  collected  by  the 
"  Garland "  in  the  Cromarty  Firth  in  7  to  8  fathoms  on  the  30th  of 
November  last. 


Leptomysis  gracilis^  G.  0.  Sars. 

This  species  occurred  in  one  of  the  bottom  gatherings  collected  south- 
east of  Fair  Island  by  the  "  St.  Andrew  "  on  October  19th  ;  and  it  is  one 
of  the  Schizopods  recorded  for  Shetland  by  Rev.  A.  M.  Norman  in  1869. 

Qastrosaccus  spinifer  (Goes). 

Young  specimens  of  Qastrosaccus  spinifer  were  moderately  frequent  in 
one  or  two  of  the  gatherings  collected  by  the  "  Garland  "  off  Aberdeen  in 
October  and  November,  1900.  One  of  the  gatherings  in  which  this 
species  occurred  was  collected  in  60  fathoms,  and  another  in  45  fathoms ; 
adult  specimens  were  scarce  in  both  gatherings. 

Siriella  armata  (M.-Edw.). 

This  species  was  obtained  in  a  bottom  tow-net  gathering  collected  by  the 
"Garland"  in  7  to  10  fathoms  at  Station  IV.,  Moray  Firth  (off  Little 
Ferry),  on  December  6th,  1900. 

*  Norman,  op.  ci^.,  p.  270, 
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Sub-Order  MACRURA. 

CALLIANASSlDiE. 

Callianasdu  mbtetranea  (Mont.). 

A  specimen  of  this  Crustacean,  obtained  in  the  stomach  of  a  oommon 
Gurnard,  Tritjla  gumardus,  captured  in  the  Moray  Firth,  was  forwarded 
to  the  Laboratory  at  Bay  of  Nigg  by  Mr.  F.  G.  Pearcey,  Naturalist  on 
board  tlie  "Garland.**  The  specimen,  which,  thongh  recognisable,  was 
considerably  decomposed,  was  obtained  on  June  the  1 4th  at  Station  IX. 
(about  eleven  or  twelve  miles  north-east  of  Lossiemouth).  Callianassa 
suhterranea  has  been  known  for  many  years  as  one  of  the  invertebrates  of  the 
Moray  Firth  district.  The  species  was  obtained  by  Thomas  Edward  of 
Banff,  and  it  has  also  been  obtained  on  several  occasions  by  Mr.  Sim  of 
Aberdeen,  but  always  in  the  stomachs  of  fishes  captured  in  moderately 
deep  water,  and  where  the  bottom  appears  to  consist  of  soft  mud. 

Eupogebia  fleltura.  Leach. 

A  specimen  of  Eupogebia  delfura  was  found  in  the  stomach  of  a 
Haddock  13i  inches  long,  captured  in  the  Moray  Firth  at  Station  VII. 
(abi)ut  five  miles  east  of  Tarbat  Ness),  in  February,  1900,  ftnd  forwarded 
to  the  Laboratory  at  Bay  of  Nigg  by  Mr.  F.  G.  Pearoey.  Eupogebia 
deltura,  which  is  also  one  of  the  Crustaceans  obtained  in  the  Moray  Firth 
by  the  late  Thomas  Edvvard  of  Banff,  appears  to  have  a  habitat  similar  to 
that  of  Callianassa. 

Cranoonid^. 

Ponfophilus  spinosus,  Leach. 

A  few  fine  specimens  of  this  species  were  obtained  by  the  '*  Garland '' 
in  40  to  50  fathoms,  off  Aberdeen,  in  November  last  year. 

Cheraphilus  negleeius,  G.  O.  Sars. 

A  few  specimens  of  this  Grangonid  were  collected  by  Mr.  H.  C. 
Williamson  in  the  Bay  of  Nigg  in  August  last  year.  A  fine  specimen 
was  also  obtained  in  a  gathering  collected  by  the  '*  Garland  "  in  7  to  8 
fathoms  at  Station  I.,  Moray  Firth  (between  Burghead  and  the  mouth  of 
the  River  Findhorn),  on  December  12th.  This  species  resembles  Egion 
fasciatus  (Risso),  but  in  the  first  the  front  of  the  rostrum  is  broadly 
rounded,  while  in  the  other  the  rostrum  is  truncate  and  slightly  concave 
at  the  apex. 

HlPPOL"XTID-«. 

Caridion  gordoni  (Spence  Bate). 

This  species  was  moderately  frequent  in  a  gathering  collected  by  the 
'*  Garland ''  in  60  fathoms,  off  Aberdeen,  on  the  25th  October  last ;  the 
majority  of  the  specimens  I  observed  were,  however,  more  or  less 
immature.  Garidioii  differs  from  the  closely-allied  HippcHyte  and 
Spirontocaris  by  the  possession  of  a  three-jointed  mandible-palp. 

Spirontocaris  securifrons,  Norman. 

This  Crustacean  was  moderately  common  in  some  gatherings  collectofl 
by  the  "  Garland,"  off  Aberdeen,  in  October  and  November  last  year. 
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None  of  the  specimens  examined  possessed  the  strong  tooth-like  projection 
on  the  dorsal  aspect  of  the  abdomen  which  is  so  characteristic  of  the 
typical  Spirontocaris  spinus  of  Sowerby.  Though  the  specimens  varied 
greatly  in  size  and  age,  it  was  only  in  one  or  two  small  specimens  that 
there  was  observed  any  tendency  towards  the  development  of  a  tooth-like 
projection  on  the  middle  of  the  posterior  margin  of  the  third  abdominal 
segment  It  may  be  that  Spirontocaris  seourifrons  should  only  be 
regarded  as  a  synonym  of  Spirontocaris  spinus  (Sowerby) ;  and,  with  the 
exception  of  the  tooth-like  projection  on  the  dorsal  aspect  of  the  abdomen 
alluded  to,  they  are  certainly  very  like  each  other.  My  use  here  of  the 
name  is  merely  to  indicate  that  the  form  which  was  common  in  the 
gatherings  collected  by  the  "Garland"  off  Aberdeen  is  the  form  described 
by  Norman  as  Hippolyte  securifrons*  The  depth  from  which  specimens 
were  obtained  ranged  from  32|  to  60  fathoms. 

Spirontocaris  pusiola  (Kroyer). 

One  or  two  specimens  of  this  small  species,  as  well  as  of  Spirontocaris 
gaimardii  (M.-Edw.),  were  observed  in  a  gathering  collected  by  the 
"Cbirland  ''  in  about  32  fathoms,  off  Aberdeen,  on  October  12th. 

PANDALIDiE. 

Pandalina  brevirostris  (Rathke). 

This  species  was  not  very  rare  in  the  gatherings  collected  off  Aberdeen  by 
the  "  Garland  ''  in  October  and  November  last.  Dr.  Caiman  has,  in  his 
paper  on  Pandalus^f  described  certain  differences  between  this  species 
and  the  others  with  which  it  used  to  be  generically  associated  ;  one  very 
obvious  difference  between  Pandalina,  Caiman,  and  the  described  species  of 
Pandalics  is,  that  Pandalina  has  a  very  short,  nearly  straight,  rostrum, 
not  unlike  that  of  some  of  the  species  of  Spirontocaris,  while  Pandalus  has 
the  rostrum  elongated,  more  or  less  curved,  and  slender  towards  the  distal 
end. 

Sub-order  BRACHYURA. 

GoKTBTIDiB. 

Atdecydus  septemdeniatus  (Mont). 

This  species  was  obtained  in  a  gathering  collected  by  the  "St 
Andrew "  fifty  miles  south-east  of  Fair  Island  at  a  depth  of  about  65 
fathoms  on  October  19th.  Rev.  A.  M.  Norman  describes  Atdecydus  as 
a  common  species  among  the  Shetland  Islands.  This  species  was  also 
taken  by  the  "  Garland  "  in  60  fathoms,  off  Aberdeen,  on  October  25th. 

PORTUNIDiE. 

Porlunus  puber  (Lin.). 

Several  specimens  of  the  Velvet  Crab,  Portunus  puber;  were  captured 
by  Mr.  H.  C.  Williamson  in  the  Bay  of  Nigg  during  the  month  of  June, 
1900. 

*  Brit,  Assoc,  RepL,  1861 ;  Trans,  Tyneside  Field  Club  (1862),  p.  267,  PI  XII.,  figs. 
1-7. 

t  Caiman,  On  the  British  Pandalidn  ;  Ann,  and  Mag,  Nat,  JTtjC,  (7),  vol.  iif.,  p.  87, 
Pli.  I.-IV.,  fig.  4  (Jan.,  1899). 

T 
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Portumu  areuatut,  Leach. 

A  ipecimeD  of  this  Crab  waa  obtained  in  the  stomach  of  a  Cod  captured 
in  the  salmon-nets  at  the  Bay  of  Nigg  on  June  13th,  1900. 


EXPLANATION  OF  THE  PLATES. 


(1)  BKincaian'M  gig<u,  O.  S.  Bndy. 


Rg.     1 

Foot  of  fifth  pair,  fenude 

Pig.    2. 

Fool  of  fifth  pair,  male,  slightly  immatn™ 

Fig.    3. 

Fig.     4 

Abdomen  oad  last  thoracic  Begment,  male 

CVcijptao  longkaudata,  T.  Scott  (ap.  n.). 

Fig.    5 

Female,  doml  view        . 

Fig.    6 

Fig.    7 

One  of  the  antennm 

Fig.     8 

Fig.     8 

One  of  the  maiills 

Pig.   W 

One  of  the  fiwt  maxiUipedea 
One  of  the  second  maxiUMdea 

Fig.  11 

Fig.  12.  Foot  of  flnit  nair 

Fig.  13 

Foot  of  fourth  pair 
Foot  of  fifth  paST 

Pig.  H. 

BotryllorAil,u  (!)  ruAer,  Heste. 

Pig.  16 

Female,  dorsal  view 

Fig.  16 

Male,  dorsal  view 

Fig.  17 

Fig.  18 

One  of  the  female  antenns 

Fig.   19 

One  of  the                                     male 

Fig.  20 

One  of  the                                      female 

Fig.  21 

Fool  of  the 

Fig.  22 

Foot  of  the 

Pig.  23 

Foot  of  tlie 

Fii.  21. 

One  of  the 

Pii.  2.1 

Foot  of  the                     nale 

Fig.  26 

Foot  of  the 

Fig.  27 

Foot  of  the                     .  male 

(•)  Etiltroptif  vnrwtnmi,  T.  Scott  [gp.  n.). 


Fig.  28.  Female,  side  view 

Fig.  29.  One  of  the  female  antennulen 

Fig.  30.  Otie  of  the  female  antennie 

Pig.  3).  One  of  the  mandibles 

Pig.  32.  One  of  the  maxilln? 

Fig.  A3,  One  of  the  maxillip«deB  . 

Fig.  a4.  Foot  .,f  the  third  pair      . 


Nicotkoi  aatacifknA.  and  M.-l 


r\ 


Fig.  36.  One  of  the  female  antenaule* 
Fig.  36.  One  of  the  mandibles      . 
Fig.  37.  One  of  the  maiillie 
Fig.  38.  One  uf  the  first  maxillipede* 
Fig.  39.  Abdomen  of  the  female  . 
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PLATE  XVI M 

• 

Eucanuella  spinifera,  T.  Scott  (gen.  et  sp.  n.] 

. 

1.  Female,  dorsal  view        .            .            .            .            , 

X     46. 

2.  One  of  the  female  antennulea 

X     76. 

3.  One  of  the  antennae 

X   116. 

4.  One  of  the  mandibles 

X   116. 

5.  One  of  the  maxillae 

X   116. 

6.  One  of  the  first  maxillipedes 

X   145. 

7.  One  of  the  second  maxillipedes 

X    145. 

8.  Foot  of  the  first  pair 

9.  Foot  of  the  fourtn  pair  . 

X     76. 

X     63 

10.  Foot  of  the  fifth  pair 

X     63. 

Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 

Corycmia  anglicuSf  Lubbock  (male). 
Fig.  11.  Male,  side  view  ..... 

Canctriiw,  conjiisaf  T.  Scott  (gen.  et  sp.  n.). 


Fig. 
Fig. 

Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 


12. 
13. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 


21. 
22. 
23. 
24. 
25. 
26. 


27. 
28. 


Female,  dorsal  view        ..... 
Portion  of  the  same  seen  from  the  iinder-side  to  show 

position  of  the  maxillipedes  and  thoracic  feet 
One  of  the  female  antennules 
One  of  the  antennae 
One  of  the  mandibles 
One  of  the  roaxilbe 
One  of  the  first  maxillipedes 
One  of  the  second  maxulipedes 
Foot  of  the  first  pair 

NicothoB  asUnci,  Aud.  and  M.-Edw. 

Female,  dorsal  view 

One  of  the  antennae 

One  of  the  second  maxillipedes 

Foot  of  the  first  pair 

Foot  of  the  fourtn  pair   . 

Foot  of  the  fifth  pair 

Manra  lavini  (Bruzelius). 

One  of  the  first  gnathopods 
One  of  the  second  gnathopods 


the 


Ischyrocenis  anguipeSf  Kroyer. 
Fig.  29.  One  of  the  second  gnathopods,  male 

LftptogncUhia  {t)  longiremis  (Lillj.),  var. 

Fig.  30.  Female,  dorsal  view 

Fig.  31.  Male,  dorsal  view 

Fig.  32.  One  of  the  female  antennules  (four- jointed) 

Fig.  33.  One  of  the  female  antennules  (five-jointed) 

Fig.  34.  One  of  the  male  antennules 

Fig.  35.  One  of  the  female  antennae 

Fig.  36.  One  of  the  female  chelipedes 

Fig.  37.  One  of  male  chelipedes   . 

Fig.  38.  One  of  the  uropoas,  female 

Macrostylis  ipinifera,  G.  0.  Sars. 
Fig.  39.  Female,  dorsal  view  (imperfect) 

EchtnopUura  aeuleata,  0.  O.  Sars. 
Fig.  40.  Female,  dorsal  view  (slightly  imperfect) 

Lepto8tylia  viUoaa,  G.  O.  Sars. 

Fig.  41.  Portion  of  serrated  margin  of  cephalon 
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VIII.— ICHTHYOLOGICAL  NOTES.    By  T.  Wbmyss  Fulton,  M.D., 

F.R.S.E.,  Scientific  Superintendent. 

The  Norway  Pout  (Gadus  esmarkii^  Nilsson.) 

The  investigations  made  on  board  the  steam  trawler  St,  Andreto  in 
the  autumn  and  winter  of  last  year  (p.  58)  have  added  considerably  to 
our  knowledge  concerning  the  distribution  of  this  fish.  The  hauls 
made  with  with  fine-meshed  netting  surrounding  the  cod-end  of  the 
otter-trawl  yielded  large  numbers  of  specimens,  sometimes  several 
thousands,  and  it  appears  highly  probable  that  the  Norway  Pout  is  one 
of  the  most  abundant  gadoids  in  the  northern  part  of  the  North  Sea. 
From  its  small  size  it  is  rarely  taken  with  the  ordinary  appliances  used 
by  fishermen,  and  this  is  no  doubt  the  reason  why  it  has  hitherto 
escaped  notice  in  this  region. 

On  3 1st  August  and  4th  September  two  hauls  were  made  about  65 
miles  S.E.  by  E.  of  Sumburgh  Head,  Shetland,  approximately  in 
long.  0^  45'  E.,  and  lat.  69°  40'  N.,  at  a  depth  of  62-66  fathoms.  In 
the  first  haul,  which  was  for  half  an  hour,  the  number  of  specimens  of 
Gadus  esmarkii  taken  was  551,  and  they  ranged  in  length  from  110  to 
213  mm.  In  the  haul  of  4th  September,  which  was  for  two  hours,  the 
number  caught  was  1211,  ranging  in  size  from  51  to  200  mm.  In  both 
cases  all  the  specimens  had  passed  through  the  meshes  of  the  ordinary 
otter-trawl  and  were  found  in  the  fine-meshed  net  outside  it. 

With  the  exception  of  the  long  rough  dab,  Gadu$  eemarkii  was 
present  in  these  hauls  in  greater  numbers  than  any  other  fish,  even 
when  the  contents  of  both  the  otter-trawl  and  the  fine-meshed  net 
are  taken  into  account.  The  next  most  abundant  gadoid  was  the 
haddock. 

It  was  found  in  even  greater  numbers  in  October,  about  50  miles 
further  west,  namely,  about  20  miles  S.E.  of  Fair  Isle,  approximately 
in  lat,  r  W.  and  long.  59^  25'  N.,  and  in  depths  of  60  and  65  fathoms. 
In  a  haul  on  16th  October  at  this  locality,  for  1|  hours,  1923  specimens 
were  caught,  ranging  in  size  from  66mm.  to  197mm. ;  and  in  another 
drag  on  19th  October,  also  for  an  hour  and  a  half,  no  less  than  5084 
specimens  were  taken,  of  which  257  were  measured,  the  smallest  being 
31mm.  and  the  largest  168mm.  In  these  hauls  it  was  much  more 
abundant  than  any  other  fish. 

Other  localities  where  the  Norway  Pout  was  taken  with  a  small-meshed 
net  are  as  follows  : — 

1.  Off  Aberdeen  Bay  : — 

12th  October,  6  miles  from  shore,  in  32-33  fathoms ;  26  specimens 

from  59  to  107  mm. 
13th    October,    2|    miles  from   shore,   in   13-96  fathoms ;  one 

specimen,  89mm. 
23rd    October,    8   miles  from  shore,   in   86-49  fathoms;    201 

specimens  (in  two  hauls)  from  87  to  117  mm. 
24th  October,  10  miles  from  shore,  in  60  fathoms;  29  specimens 

from  88  to  164  mm. 
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7th  November,  10  miles  from  shore,  in  from  45  to  53  fathoms ; 

63  specimens  from  80  to  168  mm. 
9th   November,    1^   miles  from  shore,  in  9  to  10  fathoms ;  51 

specimens  from  83  to  114  mm, 

2.  Moray  Firth:— 

3rd  November,  3  miles  from    Lossiemouth,    in  11-15  fathoms; 

2  specimens  between  5  and  6  inches  (otter-trawl). 
4th  November,  off  Tarbet  Ness,  in  20  fathoms ;  2  specimens  (in 

otter-trawl). 
7th   November,    Dornoch    Firth,    1 2   fathoms ;     one   specimen, 

114mm. 
8th  November,  east  of  Smith  Bank,  in  35  fathoms ;  4  specimens 

from  84  to  93  mm. 

3.  Firth  of  Forth.  One  specimen  was  taken  in  May  in  28  fathoms 
close  to  the  Isle  of  May. 

4.  Firth  of  Clyde.  From  1  to  21  specimens  were  caught  in  the  small 
shrimp-net  of  the  Garland  in  various  hauls  made  in  the  Firth  of 
Clyde  in  from  23  to  45  fathoms  in  March,  August,  September,  and 
October.  Specimens  were  also  obtained  outside  the  limits  of  the  Firth 
and  within  15  miles  of  the  coast  of  Ireland,  in  67  fathoms.  A  specimen 
caught  in  Lochfyne  measured  246mm.  and  is  the  largest  recorded. 

Oadus  esmarkii  was  first  discovered  by  £smark  in  the  Christiania 
Fjord,  where  it  is  said  to  be  plentiful  during  the  autumn  and  winter  in 
deep  water,  generally  occurring  in  shoals  with  the  whiting ;  it  also 
exists  in  the  TroncQijem  and  other  Norwegian  Fjords,  and  has  been 
recorded  by  LUtken  from  the  Faroe  Islands.*  It  has  been  recorded  by 
Petersen  and  Levinsen  from  the  Gattegat  and  Skagerrack.t  It  was 
added  to  the  British  fauna  by  Dr.  GUuther,  who  records  it  from  the 
Firth  of  Clyde,  the  Sound  of  Mull,  Upper  Loch  Nevis,  Loch  Sunart,  and 
Loch  Aber.t  Holt  found  it  on  the  Irish  coast,  either  in  the  stomachs 
of  fishes  or  in  the  nets,  off  the  Kenmare  Biver,  the  Arran  Islands,  Clare 
Island,  and  Achill  Head,  the  depths  ranging  from  38  to  144  fathoms, 
and  he  has  described  the  eggs  and  larva.§  The  same  author  records  it 
from  the  stomach  of  a  halibut  trawled  on  '*  the  south-western  flat,"  a 
ground  which  lies  due  east  of  the  coast  of  Northumberland  between 
long.  V  and  3°,  but  chiefly  to  the  western  end  of  long.  2°  30'.  |i 
Dunn  and  Holt  also  record  two  specimens  from  the  stomach  of  a  pollack 
caught  in  a  trawl  off  the  mouth  of  the  Bristol  Channel,  40  miles  N.W. 
of  St.  Ives,i[  and  Garstang  describes  a  specimen  taken  on  27th  August, 
1900,  in  a  tuck-net  on  the  shore  of  the  Hamoaze.**  In  1892  Professor 
M'Intosh  described  and  figured  a  fish  caught  with  a  hook  by  a  St. 
Andrews  fisherman,  as  "  a  peculiar  example  (hybrid  ?)  of  the  poor-cod 
(Gadtts  minidu8)"ff  which  appears  to  be  a  specimen  of  Gadus  esmarkii. 

The  species  has  thus  been  found  at  various  parts  around  our  coasts  in 
recent  years,  and  judging  from  its  numbers  in  the  hauls  made  with  the 
small-meshed  net  on  board  the  '*  St.  Andrew,"  above  referred  to,  and  the 
statements  of  Holt  and  Dunn  as  to  its  frequent  presence  in  the  stomachs 


*  Fries,   Ekstrom  and  Sundeyall.     "A   History  of  Scandinavian  Fishes,"  2ud  Kd., 
revised  by  Smith,  i.,  508. 

t  Fra  den  Danste  Biologitke  Station^  ix.,  pp.  51,  63  (1900). 

X  Proc,  Roy,  &*€.  Ed  in.,  xv.,  212.  PL  iil  (1889). 

§  Sd,  Proc.  Itov,  Dublin.  Soe.j  vii.,  pp.   122,   899  (1892), ;  Sci.   Trans,,  Ruy.  iMiblin 
Sw\,  v.,  54  ;  Holt  and  Caldorwood,  Ond.,  431  (1895). 

!l  Joum,  Marine  Biol,  Auoc,,  il,  282(1892). 

IT  Ilnd.,  v.,  79  (1897). 
♦•  Ibid,,  vi,  274  (1900). 
ft  Eleventh  Ann.  Rep.  Fithtrv  Board  for  Scot.,  Part  iii.,  p.  241   PI.  xl    1892). 
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of  fishes,  it  is  probable  that  farther  investigation  with  suitable  appliances 
will  show  it  to  be  one  of  the  most  abundant  Gadi  in  our  seas. 

The  specimens  obtained  by  me  comprised  the  so-called  Scotch  and 
Scandinavian  types,  referred  to  by  GUnther,*  and  intermediate  grada- 
tions ;  and  while  a  very  large  proportion  of  those  taken  in  the  Clyde  had 
one  or  both  eyeballs  affected  in  the  manner  described  by  the  author 
named  (the  cysts,  however,  containing  fine  granules),  no  specimen  from 
the  North  Sea  was  observed  to  be  so  affected. 


SiLVBRY  Pout  {GMus  (Gadicidus)  argenteus  (Guichenot.)  ) 

Five  specimens  of  this  small  and  rare  Gadus  were  obtained  in  the  fine- 
meshed  net  in  the  deep-water  hauls.  Three  were  caught  on  4th  Septem- 
ber about  65  miles  S.E.  by  £.  of  Sumburgh  Head,  Shetland,  in  65 
fathoms,  measuring  84,  86,  and  93  mm. ;  one  on  16th  October,  measur- 
ing 117mm. ;  and  one  on  19th  October,  measuring  93mm.,  both  the  latter 
being  procured  about  20  miles  S.E.  of  Fair  Isle,  in  60  to  65  fathoms. 
None  was  obtained  in  the  dhort  haul  (40  minutes)  on  31st  August  at 
the  locality  first  mentioned.     All  the  specimens  were  damaged. 

The  species  was  first  obtained  in  the  Mediterraneant,  and  it  was  again 
procured  by  the  "  Travailleur "  in  the  Gulf  of  Gascony  in  1882,  at  a 
depth  of  41 1  metres,  as  many  as  50  specimens  being  taken  in  a  single 
haul ;  and  by  the  "  Talisman  "  off  Morocco  in  540-550  metres.^:  A  speci- 
men taken  in  1869  by  the  "Porcupine,''  in  183  fathoms,  off  the  south- 
west coast  of  Ireland  is  recorded  by  Giinther,§  and  two  specimens  were 
procured  by  Bourne  in  1889,  in  217  fathoms,  also  off  the  south-west 
coast  of  Ireland,  lat.  49'  5'  40"  N.,  long.  11'  14'  W.||  During  the 
survey  of  fishing  grounds  on  the  west  coast  of  Ii-eland  Holt  procured 
numerous  specimens  in  from  52  to  220  fathoms.  He  states  that  it  is 
extremely  abundant  on  that  coast  locally,  and  appears  to  be  gregarious  at 
all  stages.^  It  has  recently  been  recorded  by  Petersen  and  Levinsen  from 
off  the  Swedish  coast  in  the  Skagerrack,  one  specimen  being  taken  in  95 
fathoms  and  another  in  70  fathoms,  north  of  the  Scaw.**  Hjort  also 
records  several  specimens  from  the  Christiania  Fjord  and  the  Brevik  Fjord, 
in  50  to  60  fathoms. ft  Day  records  a  specimen  found  by  Sim  in  1885 
on  the  beach  at  Aberdeen  after  a  storm.:|:^ 

Couch's  Whiting  {Oadus potUaasou^  Risso). 

In  the  haul  on  4th  September,  above  referred  to,  83  specimens  of  this 
species  were  caught  in  the  fine-meshed  net.  They  varied  in  length  from 
96  to  160  mm.  Two  specimens,  of  115  and  127  mm.,  were  taken  in  the 
haul  at  the  same  place  on  31st  August  One  specimen,  129mm.  in 
length,  was  procured  in  the  haul  on  16th  October,  20  miles  from  Fair 
Isle,  and  another  measuring  159mm.  in  the  haul  in  the  same  locality  on 
19th  October. 

*  Loc.  cii, 

t  Guichenot,  '*  Fixploration  Scientifique  de  rAlgerie,"  Poisaons,  102,  PI.  vi.,  fig.  2 
1851) ;  GUnther,  Cat.  Fish.  Brit  Miis.,  iv.  341  (1862). 

X  Vaillant,  '*  Exp.  Sci,  Travaillour  et  Talisman,"  302,  PL  xxv.,  fig.  7. 

§  Ann,  and  Mag,   JSaL  Hist^xm,,  188(1874). 

II  Journ,  Mar.  Biol,  Assoc,,  i,  (N.S.),  310. 

IT  Sa,  Proc,  R,  Dub,  Soc,  vii.,  122,  Holt  and  Calderwood.  Trant,  Roy,  Dub,  Soc.,  v., 
434,  PI.  xll,  figi.  1,  la  (1893). 

**  Op  cu,,  pp.  68.  ea 

ft  Rep,  on  Norwegian  Fishery  and  Marine  Investigations,  t,  81,  88  (1900). 
tX  yaticre.     xxxii.  223  (1885). 
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The  poatasaou  is  described  as  not  UDcommon  on  some  parts  of  the 
Norwegian  coast.*  It  has  been  recorded  by  Couch  and  others  from  the 
English  coast  ;t  by  Macandrew,  Andrews,  and  Holt  from  the  coast  of 
Ireland  it  and  by  M'Intosh  from  off  N.  Uist  in  the  Hebrides.  Three 
specimens,  between  6  and  7  inches  long,  were  obtained  by  Mr.  F.  G. 
Pearcey  in  the  shrimp-trawl  of  the  ''  Garland  "  at  the  mouth  of  the  Firth 
of  Clyde,  in  54  fathoms,  in  September,  1697.§ 

I  ^The  present  record  is,  so  far  as  I  am  aware,  the  first  for  the  western 
part  of  the  North  Sea.  Holt  mentions  that  a  large  shoal,  all  ranging  from 
5|  to  6  inches  in  length,  was  observed  by  him  at  the  surface,  34  miles  off 
Achill  Head,  on  the  west  coast  of  Ireland.  It  is  possible  that  the  speci- 
mens obtained  by  me  were  caught  in  the  surface  waters  as  the  trawl  was 
being  hauled,  although  the  number  taken  scarcely  supports  this  view. 

The  Hebridsan  Smilt  or  Argentine  {Argentina  sphyrama^  Linn.). 

A  considerable  number  of  specimens  of  this  species,  of  varying  size, 
were  obtained  in  the  fino-meshed  net  in  the  hauls  in  deep  water.  On 
31st  August,  in  65  fathoms,  about  65  miles  S.E.  by  E.  of  Sumburgh 
Head,  18  specimens  were  procured,  ranging  in  length  from  120mm.  to 
243mm.  In  the  other  haul  in  the  same  locality  on  4th  September, 
20  specimens  were  taken,  from  109mm.  to  228mm.  in  length.  The 
haul  on  16th  October,  off  Fair  Isle,  yielded  39  specimens,  ranging  from 
118mm.  to  205mm.;  and  that  on  19th,  in  the  same  locality,  other 
7  specimens  from  92mm.  to  184mm. 

This  species  was  recorded  by  Yarrell  from  the  Firth  of  Clyde  and  from 
the  Yorkshire  coast,  three  specimens  in  all  having  been  obtained.  ||  Day 
described  and  figured  a  specimen  taken  in  1879  near  Lochalsh,  Skye  ;i[ 
Edward  recorded  a  specimen  from  the  Moray  Firth  in  1879,**  and  Giinther 
records  eight  specimens  from  the  Clyde  in  1888.tt  Since  then  numerous 
specimens  have  been  obtained  by  the  shrimp-trawl  of  the  *'  Garland  "  at 
various  places  in  the  Firth  of  Glyde.tt  During  the  Irish  Survey,  Holt 
procured  a  considerable  number  of  examples,  about  1^  inches  long,  at 
62  to  55  and  80  fathoms  off  the  Skelligs ;  specimens  were  also  taken 
at  40  fathoms,  and  from  the  stomach  of  a  shar]^>-nosed  skate  trawled  at 
375  to  500  fathoms.§§ 

The  species  has  been  found  at  various  parts  of  the  Norwegian  coast, 
although  not  in  large  numbers,  and  it  is  stated  to  be  taken  to  market  at 
Christiania  almost  daily  in  autumn.||||  The  largest  specimen  procured  by 
me  was  243mm.,  or  9^  inches,  which  was  also  the  size  (9j|  inches)  of  the 
one  described  by  Day.  One  of  Yarrell's  specimens,  from  Rothesay  Bay, 
measured  8  inches,  and  the  other  was  6  inches ;  Edward's  example  was 
8|  inches,  while  Holt's  specimens  were  under.  6  inches  in  length.  The 
largest  of  CoUett's,  from  Norway,  was  265mm.,  or  lO-j^  inches.  All  my 
specimens  were  more  or  less  rubbed  and  frayed  in  the  trawl,  and  having 

•  "  Scftnd.  Fishes,"  i.,  871. 

t  "  Fish.  Brit.  Isles,"  iii.,  77,  PI.  cxlL    Day,  "  Brit.  Fishes,"  i.,  293,  PI.  Ixxxiii.,  fig.  1. 

X  Holt  and  Galderwood,  t&uf.,  430. 

§  SixUenth  Ann,  Rep.  Fishery  Board  for  Scotland,  Part  iii.,  p.  54  (1898). 

II  YarreU,  "Brit.  Fishes,"  8rd  Ed.^  l,  p.  800. 

IT  Joum,  Linn,  Soe.,  xv.,  83,  pi.  iv.  (1881). 

•*i6ia.,  834. 

•ft  Proc,  Roy,  Soc,  Edin.,  xv.  p.  213  (1889). 


\  p.  'Z16  ( 

.  Board  Ji 


Xt  Sixteenth  Ann,  Rep,  Fith,  Board Jor  ScGt,^  Part  iii.,  pp.  49-5C  ;  Seventeenth  Report, 
Part  iii,  J  pp.  55-60. 

§§  Roy,  Dub,  Soc,  Rept,  of  Council,  App.  C,  p.  300.  Holt  and  Caldorwood.  Set,  Trans, 
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been  for  some  time  in  a  solution  of  formaline  prior  to  examination,  the 
viscera  were  not  very  well  preserved.  The  abdominal  cavity  contained  a 
considerable  quantity  of  fat.  According  to  Risso,  this  species  breeds  in 
the  Mediterranean  in  the  spring.  Yarrell's  specimen,  taken  in  June,  was 
full  of  roe,  and  Collett  obtained  a  gravid  female  in  the  same  month,  and 
females  were  found  full  of  roe  in  the  Christiania  Fjord.  One  of  the 
females  taken  by  me  on  3lst  August,  239mm.  in  length,  contained  eggs, 
densely  yolked,  0'36mra.  in  diameter.  Another,  of  232mm.,  and  a  third, 
of  122mm.,  taken  at  the  same  time,  had  eggs  measuring  0'7mm.  The 
ovaries  in  all  these  examples  were  smalL  A  female,  180mm.  long,  caught 
on  16th  October,  had  ovaries  considerably  enlarged,  and  eggs  measuring 
up  to  1mm.;  the  great  majority  of  the  specimens  were,  however, 
immature.  In  May,  in  the  same  region,  S.E.  of  the  Shetland  Isles,  most 
of  those  taken  were  approaching  ripeness,  with  enlarged  ovaries,  and  the 
eggs  measured  up  to  1*1  mm.  The  spawning  time,  in  the  area  referred 
to  at  least,  appears  to  begin  in  June,  although  an  isolated  specimen  was 
got  with  large  eggs  in  October.  Judging  from  the  dense  condition  of 
the  yolk,  the  thickness  of  the  zona,  and  the  resistance  to  rupture  by 
pressure,  the  eggs  are  probably  demersal.  Minute  oil-globules,  as  well  as 
yolk-spheres,  exuded  on  pressure. 


The  Greater  Argentine  {Argentina  ailus  (Ascanius)). 

Four  examples  of  this  species  were  taken  on  19th  and  21st  May  last  in 
hauls  made  by  the  steam-trawler  "  Star  of  Peace,"  approximately  in 
lat.  60°  N.  and  long.  0''25  £.,  in  65  fathoms.  The  locality  is  about 
15-20  miles  due  north  of  the  place  where  the  hauls  were  made  in  August 
and  September.  Mr.  H.  Dannevig,  who  was  on  board,  measured  the 
specimens  and  preserved  one  of  them,  which  is  now  at  the  Marine 
Laboratory,  Bay  of  Nigg.  The  sizes  were  303,  383,  379,  and  418  mm. 
Other  two  argen tines  were  taken  in  75-78  fathoms,  22  or  75  miles  £.  of 
N.  Unst,  Shetland  (the  precise  locality  was  not  ascertained),  which  were 
not  preserved,  but  as  they  measured  270  and  295  mm.,  both,  or  at 
least  the  larger,  probably  belonged  to  this  species.  The  specimen  pre- 
served measures  379mm.  ;  the  largest  (418mm.)  was  cooked  and  eaten 
under  a  misconception.     Its  flesh  was  rich  and  fat. 

There  appears  to  be  no  previous  record  of  this  fish  having  been  found 
in  the  British  seas.  Edwards  described  an  argentine  as  A.  sUtis,  which 
was  procured  in  the  Moray  Firth  in  1879;  but  it  was  shown  to  be  an 
example  of  A,  sphyhroena.*  It  is,  however,  not  unccHnmon  in  the  deep 
fjords  of  Norway,  and  has  been  found  in  the  Skagerrack.  According  to 
Collett,  its  range  extends  from  the  entrance  of  the  Christiania  Fjord  along 
the  whole  coast  to  Tromso.l: 

Brown.  Goode,  and  Bean  state  that  three  specimens  have  been  procured 
on  the  American  coast,  viz.,  one  at  Sable  Island  Bank,  taken  from  the 
stomach  of  a  Phyds  caught  at  200  fathoms  ;  one  caught  by  hook  and 
line  in  the  harbour  of  Belfast,  Me.,  and  the  third  at  Biddeford  Pool, 

Maine,  t 

The  authors  of  the  Scandinavian  Fishes  say  that  it  attains  a  length  of 
nearly  50cm.,  and  even  according  to  Nilssqn  59cm.  The  largest  specimen 
seen  by  Collett  measured  47 '5cm.  Two  of  the  American  specimens  were 
18  inches  and  15  inches  respectively. 


*  Jour.  Linn.  Soc.  ZooU,  xv.,  334  (1881). 

t  "  Scandinarian  Fishes,"  il,  913. 

t  "  Oceanic  Ichthyolo(ry  "  i.   52.  ii..  fig.  61  (1896). 
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The  Sharp-tailed  Lumpenus  {Lumpentts  lampetrcbformia,  Walbaum). 

In  the  haal  on  3l8t  August  above  referred  to,  65  miles  from  Sumburgh 
Head,  seven  specimens  of  this  species  were  procured,  and  other  four 
examples  were  taken  in  the  haul  of  4th  September  in  the  same  locality. 
They  measured  from  84mm.  to  333mm.  None  were  procured  in  the  hauls 
in  October  mentioned  above.  A  specimen  was  also  obtained  in  the  stomach 
of  a  picked  dog-fish  (AcarUhtae  mdgarU)  trawled  in  50  fathoms  in  the 
Moray  Firth  about  12  miles  off  land  on  3rd  November,  1900.  The 
anterior  two-thirds  of  this  specimen  were  partly  digested,  the  remainder 
being  practically  intact. 

This  blenny  was  first  recorded  as  belonging  to  the  British  fauna  by 
Day,  who  described  and  figured  a  specimen  trawled  1 5  miles  off  St.  Abbs 
Head,  in  40  fathoms,  in  May,  1884.*  It  was  recorded  from  the  Firth  of 
Clyde  (20  and  60  fathoms)  by  Giinther  in  1888,t  and  since  then  it  has  been 
frequently  taken  at  various  parte  of  the  Clyde  in  the  shrimp-net  of  the 
"  Garland."t  On  the  East  Coast  specimens  from  the  Moray  Firth  were 
recorded  by  Sim  in  1887,§  and  it  has  since  been  frequently  found,  some- 
times in  large  numbers,  in  or  near  the  Firth  of  Forth.  ||  Holt  records  two 
specimens  taken  in  23-25  fathoms  240  miles  £.  \  N.  of  the  Spurn  Light- 
vessel  (about  50  miles  off  the  coast  of  Denmark)  in  July,  1892  ;  and  he 
states  that  Dr.  Giinther  informed  him  that  he  had  seen  a  specimen  said 
to  have  been  taken  on  the  coast  of  Norfolk.^f  It  was  not  apparently 
obtained  during  the  Irish  Survey. 

Lumpenua  has  been  found  in  the  Baltic,  on  the  Bohuslan  coast  of 
Sweden,  in  the  Christiania  Fjord,  and,  more  commonly,  on  the  west  coast 
of  Norway,  where  it  is  most  numerous  in  the  extreme  north  in  Finmark. 
It  has  also  been  obtained  at  Iceland,  Spitzbergen,  and  Greenland,  and  is 
really  an  arctic  species.**  It  is  said  by  the  Scandinavian  authors  to  attain 
a  length  of  412mm.  It  exists  in  great  numbers  towards  the  mouth  of 
the  Firth  of  Forth,  as  many  as  135  specimens  having  been  taken  in  a 
single  haul  at  the  end  of  April,  and  255  in  a  haul  in  May. 

It  is  believed  to  spawn  on  the  Norwegian  coast  in  winter.  Of  the 
eleven  specimens  above  referred  to  taken  off  the  Shetlands,  7  were  females, 
3  were  males,  and  the  sex  of  two  was  not  determined.  Their  sizes, 
in  mm.,  were  as  follows :— Females,  234,  258,  265,  272,  274,  278, 
and  286 ;  males,  283,  303,  333 ;  undetermined,  154,  84.  The  females 
had  well-developed  ovaries,  which  were  confluent,  except  in  some 
cases  for  the  anterior  third ;  they  occupied  the  posterior  half  of  the 
abdominal  cavity.  In  a  specimen  258mm.  long,  they  measured  35mm.  in 
length,  8mm.  broad  transversely,  and  10mm.  deep.  The  eggs  in  this 
female  were  from  11 5mm.  to  l'25mm.  in  diameter.  In  another, 
measuring  274mm.,  the  eggs  ranged  from  I'lmm.  to  l'35mm.,  and  on 
careful  search  I  found  one  egg  the  diameter  of  which  was  r44mm.  The 
specimen,  9^  inches  long,  described  by  Professor  M*Intosh,tt  which 
was  caught  on  23rd  February,  had  eggs  measuring  from  0*229  to 
0*3048  mm.  The  number  of  eggs  contained  in  the  ovaries  was  not  very 
great ;  the  jegg-capsule  was  relative!  y    thick  and    resistant  to  pressure 

•  Secovid  Ann,  Rep.  Fishery  Board  for  Scotland,  p.  78,  PI.  x.  (1884).    Proc  Zod,  Soc,, 
1884,  445,  PL  xli. 

t  Proc.  Roy.  Soc  Edin,,  xv.,  211  (1889). 

±  fHxteenih  Ann.  Report  Fishery  Boa/rdfw  Scotland,  Part  iii.,  p.  51,  &c. 

§  Jour,  Linn,  Soe,,  xx.,  88. 

II  Seventh  Ann,  Rep.  Fishery  Board  for  Scot,,  Part  iii,  826  ;  ibid,,  Eighth  RspoH,  857  ; 
Tfcelfth  Report,  PL  iu.,  tig.  10. 

IT  Joum.  Marine  Biol,  Assoc,,  iii.,  120. 
•♦  •*  Scandinavian  Fishes,"  i.,  ^24,  R  xi.,  fig.  6. 
ft  Twelfth  Ann.  Hep,  Fish,  Board  for  Sootland,  Part  iii.,  225. 
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under  a  cover-glass,  the  yolk  was  very  dense,  and  contained  minute  oil- 
droplets.  I  have  little  doubt  the  eggs  are  demersal,  and  so  far  as  could 
be  judged  spawning  was  likely  to  occur  in  October  or  November,  but  it 
might  be  later,  in  which  case  the  eggs  must  be  considerably  larger.  The 
stomachs  of  all  the  specimens  contained  the  remains  of  annelids  and 
numerous  grains  of  sand  which  rendered  the  contents  gritty ;  in  some 
cases  fragments  of  tubes  of  sand-grains  were  observed. 

The  Norway  Haddock  {Sebastes  marinus  (Linn.) ). 

Sixteen  specimens  were  obtained  in  the  deep-water  hauls  on  October 
16th  to  20th,  in  from  60-67  fathoms,  17  to  25  miles  S.E.  of  Fair  Isle 
They  measured  from  87mm.  to  258mm.  In  a  female  250mm.  long,  the 
largest  eggs  measured  0'3dmm. ;  in  others  121mm.  and  125mm.  in  length 
they  were  almost  as  large  (0'32mm.) ;  in  one  140mm.  long  they  measured 
0*34mm. ;  in  the  specimen  of  87mm.  they  were  minute.  The  colour  of 
the  ovaries  was  brownish  yellow,  apparently  partly  due  to  interstitial 
oil ;  the  eggs,  which  were  densely  yolked,  also  contained  yeUowish  oily 
droplets  and  a  thick  zona.     No  embryos  were  present 

The  Spotted  Draoonbt  (CcUliimymtts  macidaius  (Bonsi^Tte)). 

In  the  haul  on  16  th  October,  off  Fair  Isle,  five  specimens  of  this 
species  were  obtained  in  the  fine-meshed  net,  measuring  from  87  to 
100  mm.  On  the  19th,  in  the  same  locality,  other  eight  specimens  were 
procured,  of  which  six  were  males  from  80  to  126  mm.,  and  two  were 
females,  measuring  88  and  89  mm.  In  the  Moray  Firth,  on  22nd  Jane, 
in  40  fathoms,  a  specimen  82mm.  long  was  taken ;  another  was  caught  in 
37  fathoms  on  14th  June  which  measui'ed  81mm.,  and  a  third,  measuring 
91mm.,  on  22nd  May,  in  35  fathoms.  The  latter  was  a  female  with  well- 
developed  ovaries,  and  eggs  approaching  ripeness  having  a  diameter  of 
0'67mm. 

In  the  Clyde  it  was  first  obtained  by  Giinther,*  and  has  since  been 
taken  there  on  several  occasions  in  the  small  shrimp-net  of  the  *'  Grarland." 
Eight  specimens,  for  example,  were  taken  in  one  haul  in  30  fathoms,  on 
30th  August,  off  Tumberry  Point,  and  other  eight  at  the  same  place  on 
16th  October.  It  was  obtained  by  Holt  on  the  west  coast  of  Ireland,t 
and  the  same  naturalist  has  since  recorded  a  male  from  30-35  fathoms  in 
Falmouth  Bay.:^ 

The  Herring  {Clupea  Tiarengus,  Linn.). 

It  may  be  worth  while  recording  the  fact  that  a  few  large,  nearly  ripe, 
herrings  were  taken  in  the  trawl-net  at  the  beginning  of  September,  about 
65  miles  S.E.  by  E.  of  Sumburgh  Head,  Shetland,  where  the  water  was 
62-65  fathoms  deep.  Two  males  measured  314  and  304  mm.,  the  testes 
in  the  former  being  nearly  ripe,  and  in  the  latter  quii«  immature;  a 
female,  measuring  309mm.,  had  large  full  ovaries,  the  eggs  measuring 
from  0*92mm  to  llmm.  I  thought  at  the  time  that  these  herrings  had 
probably  been  caught  by  the  net  as  it  was  being  hauled,  but  since  I  found 
very  large  herrings  in  the  same  condition  in  the  stomachs  of  anglers 
trawled  at  the  same  place — in  one  case  five—  there  is  little  doubt  a  shoal 

*Proe,  Roy,  Soc.  Edin.,  xv, 

t  Holt  ana  Calderwoooa,  op,  cU, 

XJour,  Marine  Biol.  Assoc. t  v.,  90  (1897). 
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was  present  on  the  grounds,  and  judging  from  the  condition  of  the 
ovaries  the  herrings  were  about  to  spawn.  Considerable  quantities  df 
herrings  were  landed  by  the  Aberdeen  trawlers  during  the  course  of  the 
summer  which  were  caught  in  deep  water. 

Young  Fishes  on  thb  Dbep-Watbr  Grounds. 

It  is  noteworthy  that  very  few  young  specimens  even  of  the  commonest 
kinds  of  fish  were  procured  in  the  hauls  of  the  fine-meshed  net  on  the 
deep-water  grounds  on  August  31st,  September  4tb,  October  16th  and 
19th.  Only  49  young  whitings  (over  a  year  old)  were  taken  in  the  four 
hauls,  while  thousands  were  caught  in  a  single  haul  in  the  waters  near  shore 
(see  p.  167).  The  number  of  young  haddocks  was  also  inconsiderable  and 
out  of  all  proportion  to  the  abundance  of  the  adolescent  and  mature 
individuals.  In  the  four  hauls  the  number  taken  was  496 ;  the  smallest 
was  61mm.,  or  2§  inches,  on  4th  September ;  68mm.  on  31st  August, 
84mm.  on  16th  October,  and  82mm.  on  19th  October.  They  were  also 
scarce  in  the  inshore  waters  (contrasting  in  this  respect  with  the  whiting), 
and  were  no  doubt  above  the  bottom  leading  a  pelagic  life.  The  young  of 
Gadus  esmarkiiy  on  the  other  hand,  were  very  abundant.  It  may  be 
mentioned  that  by  far  the  most  important  catches  of  the  trawlers  on  these 
off-shore  grounds  consist  of  haddocks,  of  which  great  numbers  are  taken 
in  late  summer,  autumn,  and  winter,  but  after  the  spawning  season  they 
become  very  scarce,  and  the  fishing  is  barely  profitable  towards  the  end  of 
April  and  in  May  and  June.  It  is  believed  by  the  trawlers  that  they  rise 
from  the  bottom  at  this  time,  and  therefore  beyond  the  reach  of  the 
net.  Some  trawlers  who  have  **  prospected  *'  on  the  edge  of  the  deep 
water,  in  over  100  fathoms,  state  that  they  are  even  less  numerous 
there. 

Young  cod  were  almost  entirely  absent  from  the  deep-water  grounds, 
although  codling  were  present  in  numbers.  None  was  obtained  in  the 
hauls  on  31st  August  and  4th  September;  on  16th  October  one,  which, 
however,  was  large,  measuring  245mm.,  or  9§  inches,  was  taken,  and  in 
the  haul  of  19th  October  there  were  two,  measuring  122mm.,  and  88mm. 
(4| J  and  3  ^^  inches).  These  were  not  improbably  caught  as  the  net  was 
being  hauled.  Young  cod  were  taken  in  numbers — although  in  far  less 
abundance  than  the  whiting —  in  the  shallow  inshore  water. 

It  may  be  reganled  as  fairly  certain  that  the  young  of  the  Gadi  men- 
tioned lead  a  pelagic  life,  young  cod  and  whiting  migrating  in  large 
numbers  to  the  inshore  waters,  while  the  young  haddock  keep  more  to  the 
open  sea. 

No  small  green-cod,  pollack,  ling,  hake,  or  tusk  were  taken  on  the  deep- 
water  grounds.  The  smallest  hake  caught  measured  42  cm.  (16^  inches). 
Adult  gurnards  were  much  less  common  than  nearer  shore,  and  only  one 
small  one,  measuring  131mm.  (5^  inches),  was  caught.  Young  gurnards 
were  not  uncommon  inshore. 

Among  flat-fishes,  young  individuals  of  the  sail-fluke  or  ^\i\ii{Amoglos8us 
megastoma  (Donovan)  )  and  of  the  witch  or  pole-dab  {Pleuronedes  eyno- 
glossuSf  Linn.),  species  ))resent  in  considerable  numbers  on  the  deep-water 
grountls,  were  rare.  The  smallest  example  of  the  former  obtained  (from 
65  fathoms,  on  19th  October)  was  145mm.  (5|  inches).  The  smallest 
witch  measureil  lOCnim.  (7|  inches).  Lemon  soles  were  fairly  numerous 
in  the  deep  water;  the  smalient  obtained  was  177mm.  (4|  inches);  others 
measured  135,  152,  154,  162,  and  166  mm. 

Common  dabs  were  much  less  abundant  than  on  the  inshore  grounds, 
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and  young  examples  were  scarce.  In  the  four  hauls  with  the  fine-meshed 
net  75  specimens  were  procured,  ranging  from  209  to  82  mm.  There  were 
only  two  small  specimens  (82  and  87  mm.),  those  next  largest  measuring 
113,  120,  121,  125,  and  127  mm. 

Long  rough  dabs,  on  the  other  hand,  were  present  in  profusion,  being, 
with  the  exception  of  the  Norway  pout,  the  most  abundant  fish  on  the 
grounds,  and  very  small  specimens  were  well  represented.  In  the  four 
hauls  with  the  fine-meshed  net  referred  to,  4809  were  taken,  ranging  in 
size  from  31mm.  (1^^  inches)  to  267mm.  (10|i  inches). 

Specimens  considerably  larger,  up  to  35cm.,  have  been  taken  nearer 
shore  in  moderately  deep  water,  and  I  may  state  that  the  laigest  speci- 
mens obtained  of  common  dabs,*  haddocks,  and  even  plaice,  were  taken 
within  a  few  miles  from  shore  in  the  Moray  Firth  or  Aberdeen  Bay.  A 
considerable  number  of  large  haddocks,  most  of  them  thin  and  in  poor 
condition,  and  measuring  from  63  to  71*2  cm.,  were  obtained  in  the  places 
named.  The  largest  specimens  from  the  deep-water  grounds  visited 
measured  67,  66,  65*2,  64*8  cm. 

The  Porbeagle  (Lamna  comubicu). 

In  a  haul  made  by  the  steam-trawler  *'St.  Andrew"  in  the  Dornoch 
Firth,  in  12  fathoms  of  water,  on  5th  November  last,  a  porbeagle  shark 
measuring  7  feet  4  inches  in  length,  was  caught  in  the  net.  The  contents 
of  the  stomach  were  as  follows : — A  half-digested  flat-fish,  about  6  inches 
in  length  ;  a  half-digested  haddock,  about  14  inches  long;  one  swimming 
crab,  one  anemone,  the  bones  of  a  cod,  the  skull  of  which  was  about  six 
inches  in  length,  and  the  remains  of  what  appeared  to  be  a  cuttle-fish 

The  Opah  or  Kino-Fish  (Lampris  luna,  Gmelin). 

A  fine  specimen  of  this  fish  was  forwarded  in  ice  from  Shetland,  on 
20th  October,  1900,  by  Mr.  Hendry,  the  Fishery  officer.  It  was  caught 
alive  on  18th  October,  close  to  the  beach  at  Biskie's  Gio,  East  Yoe,  Scal- 
loway, and  measured  3|  feet  in  extreme  length,  22^  inches  in  depth,  and 
weighed  851bs.  It  was  a  female  with  well-developed  ovaries ;  one  was 
29cm.  long  by  7cm.  deep,  and  it  weighed  276  grammes ;  the  other  was 
24cm.  long  and  weighed  255  grammes.  They  were  conical,  thin-walled 
and  soft,  and  liver-coloured.  The  dusky  colour  was  found  to  be  due 
to  the  large  quantity  of  blood  they  contained,  the  tissues  appearing, 
on  microscopic  examination,  extremely  and  unusually  vascular.  The 
interior  of  the  ovaries  presented  a  considerable  cavity ;  the  ovigerous 
surface  was  densely  papillose  and  contained  an  enormous  number  of 
eggs.  The  largest  eggs  measured  0'82mm.,  they  were  yolked,  but 
not  densely  opaque ;  the  zona  was  smooth,  transparent^  and  colourless, 
and,  although  somewhat  resilient,  comparatively  easily  ruptured.  The 
germinal  vessel  in  eggs  of  0'7mm.  measured  0*1 15mm. 

Judging  from  the  character  of  the  eggs  an(l  their  great  numbers,  I 
think  they  are  probably  pelagic ;  the  spawning  period  can  only  be  con- 
jectured. 

The  stomach  was  found  to  contain  a  large  number  of  the  mandibles  of 
a  cephalopod. 

The  Torpedo  {Torpedo  nobiliana,  Bonaparte). 

A  specimen  of  this  somewhat  rare  form  was  caught  on  14th  February 
last  year,  one-and-a-half  miles  from  Tarbet  Ness,  in  the  Moray  Firth^  in 
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16  fathoms  of  water,  and  was  forwarded  by  Mr.  Robert  Hendry,  Fishery 
Officer.  It  was  taken  by  the  crew  of  a  Burghead  boat  (the  "Henry 
Smith "),  who  found  it  entangled  in  their  herring  net  close  to  the  top, 
near  the  corks.  Mr.  Hendry  mentioned  that  two  of  the  crew  received  a 
"shock"  of  electricity  on  handling  the  fish  when  taking  it  from  the 
net 

The  specimen  measured  7d*5cm.  in  extreme  length,  55cm.  in  extreme 
breadth  across  the  pectorals,  and  6cm.  in  greatest  thickness;  it  weighed 
14  lbs.  On  the  upper  surface  it  was  of  a  very  dark  slate  colour,  almost 
black,  while  the  lower  surface  was  white.     It  was  not  opened. 

A  specimen  of  the  Torpedo  was  recorded,  also  from  the  Moray  Firth, 
in  1884.*  It  was  caught  in  a  trawl  off  Lybster,  Caithness,  in  40  fathoms, 
and  was  a  little  smaller  than  the  one  now  recorded,  being  29  inches  long ; 
the  upper  i^urface  was  of  a  uniform  dark  chocolate  colour.  Other  speci- 
mens have  been  recorded  from  the  East  Coastt 


*  Second  Ann,  Rep.  Fishery  B\yardfor  ScoL^  p.  79,  pi.  xi. 
fAfui.  Scot.  Nat.  Hist,  for  1896,  pp.  197,  198. 
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